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PAIN OR PANIC 


Your angina patient hardly knows where one leaves off and the 
other begins. What he does recognize is the relief he gets from 
both when you prescribe CARTRAX. 


FOR ANGINAL PAIN FOR CARDIAC PANIC 


PETN (pentaerythritol! tetranitrate) is “I favor ATARAX [as the tranquilizer for the anxious car- 
“... the most effective drug currently diac]... because there is an absence of side effects 
available for prolonged prophylactic treat- with this drug, and also because in cardiacs who are 


ment of angina pectoris.’’' troubled with ectopic beats, ATARAX has a quinidine-like 
action.’’2 


TOGETHER ONLY IN 


CARTRA 


Dosage: Begin with 1 to 2 yellow cartrax “10” tablets (10 mg. PEtNn plus 
10 mg. ATARAX) 3 to 4 times daily. When indicated, this may be increased by 
switching to pink cartrax ‘‘20" tablets (20 mg. PeTN pius 10 mg. ATARAX). 
For convenience, write “‘CARTRAX 10” or ‘“‘carTRAX 20."" Supplied: In bottles 
of 100. Prescription only. 


References: 1. Russek, H. !.: Postgrad. Med. 19:562 (June) 1956. 2. Russek, H. I: 
Presented at the Symposium on the Management of Cardiovascular Problems 
of the Aged, Dade County Medical Association, Miami Beach, April 12, 1958. 
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| wiv ALDACTONE 


Because it acts by regulating a basic physiologic imbalance, 
Aldactone possesses multiple therapeutic advantages in treating 
edema. 


Aldactone inactivates a crucial mechanism producing and 
maintaining edema — the effect of excessive activity of the 
potent salt-retaining hormone, aldosterone. This corrective ac- 
tion produces a satisfactory relief of edema even in conditions 
wholly or partially refractory to other drugs. 

Also, Aldactone acts in a different manner and at a different 
site in the renal tubules than other drugs. This difference in 
action permits a true synergism with mercurial and thiazide 
diuretics, supplementing and potentiating their beneficial 
effects. 

Further, Aldactone minimizes the electrolyte upheaval often 
caused by mercurial and thiazide compounds. 

The accompanying graph shows a dramatic but by no means 
unusual instance of the effect of Aldactone in refractory edema. 

The usual adult dosage of Aldactone, brand of spironolactone, 
is 400 mg. daily. Complete dosage information is contained in 
Searle New Product Brochure No. 52. 


SUPPLIED: Aldactone is supplied as compression-coated 


yellow tablets of 100 mg. 
6.0. SEARLE « co., Chicago 80, Illinois. 


Research in the Service of Medicine. 


Mrs. Congestive Heart Failure 
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| 250 mg. /Q00. 
| KCI 3.gm./24 hrs. _ lysine HCI 30 gm./24 hes. N 
| “a NH.Cl 6 gm./24 hrs. | prednisone 10 mg./24 hrs. \ 
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NOW... 


A DRUG THAT LOWERS 
CHOLESTEROL LEVELS 
AS MUCH AS 200 mg.7, 


WITH VIRTUALLY NO ANNOYING SIDE EFFECTS 
... AND NO DIETARY RESTRICTIONS 


New NICALEX reduces blood cholesterol 
levels as much as 200 mg. % with no flush- 
ing, itching or gastrointestinal disturbance 
in over 80% of patients.’° Significant 
reductions have been obtained in close to 
90% of hypercholesteremic patients to 
date.’ Lowered cholesterol levels can be 
“maintained indefinitely with little or no 
discomfort to the patient. And there is no 
need to restrict the diet throughout therapy. 

A newly synthesized salt of nicotinic 
acid, NICALEX Is “...as effective in reduc- 
ing blood cholesterol as plain nicotinic 
acid....”° But unlike the older therapy, 
which produces vasomotor and gastroin- 
testinal side effects in the vast majority of 
patients, NICALEX is characterized by a 


TABLETS aluminum nicotinate, Walker 


markedly reduced incidence of unpleasant 
reactions.” 

NICALEX is so Well tolerated because it 
is hydrolyzed slowly and uniformly in 
the gastrointestinal tract into aluminum 
hydroxide, an effective buffering agent, 
plus active nicotinic acid. Thus, asustained 
cholesterol-lowering action can be readily 
maintained with virtually no unwanted 
effects. 

Dosage: 2 to 4 tablets t.i.d., with or after meals. 
Each tablet contains aluminum nicotinate (Walker) 
equivalent in biological activity to 500 mg. of nico- 
tinic acid, 

Supplied: Bottles of 100 and 1000. 


References:1. Tandowsky, R. M.: Personal communication. 
2. Parsons, W. B.: Curr. Therapeut. Res. 2:137 (May) 1960. 
3. Thompson, C. E.: Personal communication., 4. Biben, L. 
H.; Kurstin, W., and Protas, M.: Personal communication. 
5. Hobbs, T. G.: Personal communication. 
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FREEDOM FROM 
ANGINAL ATTACKS 


24 HOURS OF 
UNINTERRUPTED 
PROTECTION 


WITH ONE TEMPULE® 
MORNING AND NIGHT 


PENTRITOL 


TEMPULES 


controlled disintegration 
capsules 


The best has been improved. PETN, 
proven over the years to be the most effec- 
tive drug for preventing anginal attacks, 
has been improved by incorporating it into 
controlled disintegration capsules. Pentri- 
tol Tempules exhibit the benefits of PETN 
**_..plus a smooth sustained clinical result 
that seemed to show a superior effect.””! 


Pentritol Tempules given every 12 hours 
reduced or eliminated nitroglycerin re- 
quirements, stopped anginal attacks or 
reduced their frequency, eliminated or 
mitigated pain, and increased the capacity 
for physical activity. Patients previously 
taking PETN in tablets with little progress, 
responded favorably to Pentritol Tempules.? 


Recommended dose is 1 Pentritol Tempule morning and evening, approximately 12 hours apart. 
Available in bottles of 60 Tempules. Also available: Pentritol-B Tempules with 50 mg. of butabarbital 


added for vasodilation p/us sedation. 


1. Biegeleisen, H. I.: Clin. Med. 2:1005, 1955. 2. Roberts, J. T.: Clin. Med. 4:1375, 1957. 


© 1960, A.P. Co. 


ARMOUR PHARMACEUTICAL COMPANY Kankakee, ILtinois Armour Means Protection 
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CONTENTS 


Symposium on Cardiology in Aviation 


Cardiovascular Research in the Public Health Service . . . . L. E. BURNEY 3 


Speed of innovation and increasing synthesis of the biologic and physical sciences in the search for new 
principles concerning human physiology make it difficult for physicians and administrators to keep 
pace with the rapidly advancing front of science. The Public Health Service administers a number 
of programs which try to assist in solving problems of interdisciplinary communication. 


Influence of Aerospace Flight on the Normal Cardiovascular System. Stresses and 


Man’s successful flight into outer space depends on the adaptability of his cardiovascular system to the 
abnormal stresses and effects imposed on it by his space equipment, mode of travel, rate of acceleration 
and alteration in his artificial environment. His cardiovascular system will be subject to severe physical, 
physiologic and psychologic strains including hypoxia, anoxia, decreased ambient pressure, increased 
g force and weightlessness. The information obtained in such aerospace research designed to enable 
man to live on the Moon or Mars may also benefit those who remain on Earth. 


Pathologic Findings in the Cardiovascular Systems of Military Flying Personnel 
Capt. R. DaANrIEL RIGAL, May. F. WARREN LOVELL 
AND FRANK M. TOWNSEND 19 


Autopsies performed on fatally injured flying and non-flying Air Force personnel disclose a significant 
percentage with moderate or marked atherosclerosis confined to the coronary arteries. These studies 
suggest that coronary artery disease in young people may be an independent process not part of general 
arteriosclerosis, or that atherosclerosis may develop in the coronary artery at a more rapid rate than in other 
arteries. Extreme caution is urged in attempting to implicate marked coronary artery disease as a 
causative factor in an otherwise unexplained aircraft accident. 


Cardiovascular System of the Aging Pilot 
Bric. Gen. Otis B. SCHREUDER AND JOSEPH G. CONSTANTINO 26 


Although deaths from cardiovascular-renal disease exceed all other causes in the older age groups, the 
incidence of this disease in pilots from middle age on is lower than in most professions. This is largely 
attributable to a strict pre-employment physical examination and periodic re-examinations thereafter. 
One may not necessarily agree with some of the criteria considered by the authors as helpful in arousing 
suspicion of early cardiovascular disease, but one would not argue against other criteria such as occur- 
rence of xanthomas, familial history of cardiovascular disease, obesity, tortuosity of vessels, labile blood 
pressure and pulse, and increase in heart size. 
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NUMBER ONE 


The Problem of Elevated Blood Pressure or Hypertension in the Pilot 


LAWRENCE E. LAmB 


The problems posed in this paper on elevated blood pressure in the pilot appear more provocative than 
the solutions propounded by the authorities answering the questionnaire. Most replies accepted 140/90 
mm..Hg as the upper limit of normal blood pressure for persons under forty years of age and 150/90 mm. 
Hg for those past forty years. Most authorities would be reluctant to begin treatment when elevated 
blood pressure was the only finding unless the blood pressure levels were approximately 170/110-100 
mm. Hg. The majority had no real faith or evidence that modern antihypertensive therapy really im- 
proved the prognosis in people with only persistent elevation of blood pressure. 


The Prognostic Implications of the Electrocardiogram . Harry E. UNGERLEIDER 


Based on extensive insurance experience, this paper reviews the prognostic significance of the electro- 
cardiogram in coronary disease, cardiac hypertrophy and arrhythmias and discusses the effect of these 
types of heart disease on mortality statistics. It presents the insurance outlook on the relationship of 
electrocardiographic changes and insurability, a subject of more than passing interest to patients and 
physicians alike. 


The Problem of Loss of Consciousness in Flying Personnel . GEORGE DERMKSIAN 


Clinical syncope was found in 30 per cent of aviation cadets studied. The known factors most frequently 
associated with it were orthostatic influences, pain, breath-holding, deep breathing, psychic trauma 
and prolonged standing. A surprisingly high incidence of cardiac arrhythmias occurred in normal 
healthy adults, most frequently during breath-holding in the vertical position. These were secondary 
to cardio-inhibitory responses mediated through the vagus nerve and could be abolished or prevented 
with intravenous administration of atropine. 


Telemetering Physiologic Responses During Experimental Flights 


NorMAN LEE BARR AND ROBERT B. VOAs 


Experimental flight into space is beset with many difficulties. Among the more technical problems is 
telemetering of physiologic responses to study human physiologic and psychologic reactions to stress. 
Physiologic stressors include gravitational stress, oxygen tension, carbon dioxide tension, pressure changes, 
temperature, radiation problems and zero gravity. Psychologic stresses are threats of physical injury, 
time pressure, confinement, lack of stimulation and numerous other conditions peculiar to space travel. 
This paper describes how modern technology attempts to monitor the aeropilot’s responses to these 
stresses. 


Vectorcardiography in Aerospace Flight. Applications and Rationale 


May. GeorcE B. Smiru, JR. AND LAWRENCE E. LAMB 


Vectorcardiography has wide application in assessing the pilot’s cardiovascular system at rest and in 
flight. Its advantages over conventional electrocardiography include a relatively undistorted repre- 
sentation of the electrical forces of the heart, measurement of a loop or spatial pathway and the use of a 
cathode ray oscilloscope allowing greater accuracy in recording rapid or minute changes in electrical 
forces. 


An Electrocardiographic Study of 17,000 Fit, Young Royal Canadian Air Force 


Aircrew Applicants. . . . GEorRGE W. MANNING 


Routine electrocardiography is of value in selection of aircrew members. Subjects with definite electro- 
cardiographic abnormalities unexplainable on an environmental, physiologic or other non-organic heart 
condition should not be accepted for training. On this basis eighty-six of 17,000 fit Royal Canadian 
Air Force aircrew applicants were rejected. A few were found to have actual heart disease on clinical 


evaluation. 
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ROCHE 


LABORATORIES 
Division of 
Hoffmann-La Roche Inc. 
Nutley 10, N.J. 


new approach to the 
concept of 

“total management” 
in angina pectoris 


lan 


of potency/safety 


Marplan prevents or reduces anginal pain: 
Marplan is indicated primarily for patients 
with moderately severe to intractable an- 
gina pectoris. It has demonstrated a high 
degree of effectiveness. When used on a 
continuous dosage schedule, Marplan pre- 
vents pain, increases exercise tolerance 
and reduces nitroglycerin requirements. 


Marplan creates a more confident mental 
climate: Many angina patients display a 
more cheerful outlook when on Marplan 
therapy. This mental improvement is un- 
doubtedly due to the antidepressive ac- 
tion of Marplan. However, it should be 
stressed that Marplan is indicated for 
symptomatic control of angina pectoris. 
While it abolishes anginal pain (some pa- 
tients may achieve a virtually pain-free 
state), Marplan does not appear to in- 
fluence the EKG. Hence, as with pre- 
viously available prophylactic agents, it is 
imperative that patients be instructed to 
maintain the same restriction of activity 
in force prior to Marplan therapy. 


Marplan strikes a happy balance of po- 
tency /safety: Marplan has been shown 
to be considerably more potent than cer- 
tain other amine oxidase regulators. While 
clinically such increase in potency may 
be associated with increased side effects, 
Marplan strikes a happy balance of 
potency/safety. Marplan has shown 
markedly fewer of certain of the side reac- 
tions of the hydrazines and, moreover, in 
thousands of cases, there have been no re- 
ports of hepatitis attributable to Marplan. 
Nevertheless, all precautions set forth in 
the product literature should be strictly 
observed. Since the precise manner in 
which Marplan improves the cardiac 
status is as yet undefined, and since so 
many patients attain a virtually pain-free 
state, it is imperative that patients be in- 
structed to maintain the same restrictions 
of activity in force prior to Marplan 
therapy. 


Complete dosage information, available 
on request, should be consulted before 
prescribing Marplan. 


MARPLANT™-™-— brand of isocarboxazid 
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| Electrocardiographic Findings in 67,375 Asymptomatic Subjects. I. Incidence of 
Abnormalities . . . Capt. Kerra H. AVERILL AND LAWRENCE E. LAMB 


Electrocardiographic abnormalities occurred in 3.7 per cent of 67,375 asymptomatic, healthy adult 
Air Force men. With age the incidence of non-specific T wave changes, ventricular ectopic beats, right 
bundle branch block and possible myocardial infarction increased significantly but the incidence of 
simple atrial rhythm and wandering pacernaker declined. Negro officers had a 9 per cent electrocardio- 
graphic abnormality rate, due mainly to greater T wave changes and first degree A-V block. 


Electrocardiographic Findings in 67,375 Asymptomatic Subjects. II. Supraven- 
tricular Arrhythmias 
Capt. RoBert J. Fosmoge, Capt. KerrH H. AVERILL AND LAWRENCE E. LAMB 


Routine electrocardiograms disclosed 861 of 67,375 healthy members of the Air Force flying population 
had a supraventricular arrhythmia. Increased vagal tone, common to youth, is the greatest cause of 
atrial rhythm. The incidence of atrial rhythm was 4.7 per 1,000 subjects and was greatest below the age 
of twenty-five. Atrial premature contractions, on the other hand, occurred equally in all age groups 
surveyed. Only nine of the 67,375 subjects had nodal rhythm—an incidence of 0.01 per cent. 


Electrocardiographic Findings in 67,375 Asymptomatic Subjects. III. Ventricular 
Rhythms. . . . . Capt. Rovanp G. Hiss, Capt. H. AVERILL 
AND LAWRENCE E. LAMB 


The incidence of ventricular premature contractions in this group of 67,375 healthy men was 0.6 per 
cent. The incidence increased with age. These originated three times more frequently in the right 
ventricle. The incidence of ventricular parasystole was 0.03 per cent. One subject had ventricular 
tachycardia; four had idioventricular rhythm with A-V dissociation. 


| Electrocardiographic Findings in 67,375 Asymptomatic Subjects. IV. Wolff-Parkin- 
son-White Syndrome. .Capt. KeirH H. Averitt, Capt. RoBert J. FOsMOoE 
AND LAWRENCE E. LAMB 


One hundred six cases of the Wolff-Parkinson-White (WPW) syndrome were found in routine electro- 
cardiograms of 67,375 Air Force flying personnel, an incidence of 0.16 per cent. No significant con- 
centration was found in any age group. The true WPW syndrome is considered probably congenital 
and benign, and not associated with organic heart disease. 


Electrocardiographic Findings in 67,375 Asymptomatic Subjects. V. Left Bundle 
Branch Block. . . .  .LAWRENCE E. Lams, Capt. Ketvin D. KABLE 
AND Capt. KettH H. AVERILL 


Complete left bundle branch block in a healthy population is rare (one in 5,000). It was found in thirteen 
of 67,375 apparently healthy subjects in the U. S. Air Force. Evidence in this study indicates left bundle 
branch block is usually the result of significant cardiac disease, most frequently myocarditis or coronary 
artery disease. Prognosis is not necessarily poor. 


9 


Contents continued on page 17 


76 


84 


96 


108 


130 


| 

| 

4 


VISTARIL 


hydroxyzine pamoate 


relieves 
associated anxiety 
in the 

cardiac patient 


Science 
for the world’s 
well-being ™ 


PFIZER LABORATORIES 
Div., Chas. Pfizer & Co., Inc. 
Brooklyn 6, N. Y. 


_IN BRIEF 


VISTARIL gently calms the fears of the cardiac patient. 
It permits the patient to remain calm but alert, be- 
cause it is not a cortical depressant. An ideal adjunct 
in the treatment of heart disease, it may be used 
concurrently with digitalis or other medications. 


INDICATIONS: visTAarIiL is a rapid-acting tranquil- 
izer with a wide margin of safety. It is effective in 
the symptomatic treatment of a variety of neuroses 
and other emotional disturbances manifested by 
anxiety, apprehension or fear — whether occurring 
alone or complicating a physical illness. 


ADMINISTRATION & DOSAGE: vistariL dosage 
varies with individual requirements and ranges 
from 25 mg. t.i.d. to 100 mg. q.i.d. for adults. The 
usual dosage for children under 6 years is 50 mg. 
daily in divided doses; children over 6 years — 50 to 
100 mg. in divided doses. For parenteral dosage 
information consult package insert. 


SIDE EFFECTS: Drowsiness may occur in some pa- 


tients; if so, it is usually transitory, disappearing 
within a few days of continued therapy or upon 
reduction of dosage. Dryness of mouth may be en- 
countered at higher doses. 


PRECAUTIONS: The potentiating action of hy- 
droxyzine is mild, but must be taken into consid- 
eration when the drug is used in conjunction with 
central nervous system depressants. 


SUPPLY: Capsules — 25, 50, and 100 mg. Oral Sus- 
pension — 25 mg. per 5 cc. teaspoonful. Parenteral 
Solution (as the HCl) —10 cc. vials and 2 ce. 
Steraject® Cartridges, 25 mg. per cc.; 2 cc. ampules, 
50 mg. per cc. 


Detailed professional information is available on re- 
quest from Pfizer Laboratories Medical Department. 
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Electrocardiographic Findings in 67,375 Asymptomatic Subjects. VI. Right Bundle 


Branch Block. . .Maj. Rospert L. JoHnson, Capt. KeirH H. AVERILL 
AND LAWRENCE E. LAMB 


Complete right bundle branch block occurred in 106 of 67,375 healthy Air Force men. The rate below 
the age of forty was 1.5 per 1,000; above forty, 2.9 per 1,000. Right bundle branch block is frequently 
seen in apparently healthy persons and should not be accepted fer se as diagnostic evidence of significant 
underlying heart disease. 


Electrocardiographic Findings in 67,375 Asymptomatic Subjects. VII. Atrioven- 


tricular Block . . Maj. Rospert L. Jonnson, Capt. KeirH H. AVERILL 
AND LAWRENCE E. LAMB 


The incidence of first degree A-V block in a large, healthy Air Force population is 5.2 per thousand. 
The P-R interval exceeded 0.24 second in 20 per cent of the group, but only five of the 139 subjects 
with first degree A-V block had organic disease. Three showed transient second degree A-V block spon- 
taneously or in response to respiratory maneuvers. One case of second degree A-V block due to myo- 
carditis and one clinically undetected case of complete A-V block in flyers are also discussed, shedding 
new light on the problem of atrioventricular block in healthy groups. 


Electrocardiographic Findings in 67,375 Asymptomatic Subjects. VIII. Non-specific 


T Wave Changes. . . Capt. Rovanp G. Hiss, Capt. KeirH H. AVERILL 
AND LAWRENCE LAMB 


Some T wave change in their electrocardiogram was found in 0.86 per cent of 67,375 subjects surveyed. 
The incidence of abnormal T waves increased with age, most likely due to increased cardiac disease. In- 
gestion of glucose, orthostasis and deep inspiration could also reproduce these T wave abnormalities. A 
diagnosis of heart disease solely on the basis of isolated abnormal T waves in the absence of other clinical 
or electrocardiographic evidence is not justified. 


Electrocardiographic Findings in 67,375 Asymptomatic Subjects. IX. Myocardial 


Infarction. . . .Mayj. Georce B. SmirH, JR. AND LAWRENCE E. LAMB 


Seventeen of fifty-one flyers with abnormal electrocardiograms suggestive of myocardial infarction ac- 
tually are considered to have had a previous myocardial infarction, despite absence of typical symptoms. 
This study confirms that significant arteriosclerosis occurs in young people sufficiently to impair coronary 
circulation and produce a myocardial infarction; and that about 25 tc 30 per cent of all infarctions occur 
without symptoms or with vague symptoms apparently unrelated to the heart. 


Electrocardiographic Findings in 67,375 Asymptomatic Subjects. X. Normal 


Values. .Capt. RoLAND G. Hiss, LAWRENCE E. LAMB AND MARGARET F. ALLEN 


A detailed statistical analysis of 6,014 normal electrocardiograms selected at random confirms many 
previous values obtained in smaller samples. The mean spatial QRS-T angle ranged between zero and 
+139 degrees, with 96 per cent of the series falling below +70 degrees. This data did not support a 
previous concept that the upper limit of normal for the QRS-T angle is 50 degrees. Measurable QRS 
and T amplitudes tend to decrease with age. From this cbservation the authors suggest that serial 
electrocardiograms may become a means of assessing the aging process of the heart. 
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Proven 


in over five years of clinical use 
and more than 
750 published clinical studies 


Effective 


FOR RELIEF OF ANXIETY 
AND TENSION 


Outstandingly 
Safe 


Miltown 


*Trade-mark 


12 4 


1 simple dosage schedule produces rapid, 
reliable tranquilization without 
unpredictable excitation 


9 no cumulative effects, thus no need for 
difficult dosage readjustments 


3 does not produce ataxia, change in 
appetite or libido 


4 does not produce depression, 
Parkinson-like symptoms, jaundice 
or agranulocytosis 


5 does not impair mental efficiency or 
normal behavior 


Miltown’ 


meprobamate (Wallace) 


i) WALLACE LABORATORIES / New Brunswick, N. J. 
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PUBLISHER’S INFORMATION PAGE 


The Editors and Publishers of Toe AMERICAN JOURNAL OF CARDIOLOGY welcome concise 


articles on new findings in cardiology. 


As is customary in professional publications, state- 


ments in articles are the responsibility of the authors; articles must be contributed solely 


to THE AMERICAN JOURNAL oF CarRDIOLOGY; material is copyrighted and may not be re- 


produced without permission of the publishers. 


Preparation of Manuscripts 

Authors are requested to follow these instructions 
carefully in preparing manuscripts: Please double 
space with good margins; type on one side of the 
sheet only; make a carbon copy for yourself and send 
the original with one carbon copy to the editor; 
include staff position and connection; list biblio- 
graphic references in chronological order as referred 
to in text at the end of the article (not in footnotes). 
Please make certain each reference contains the 
name of author with initials; title of article; name 
of periodical, with volume, page and year. For 
example: Smith, J.S. Treatment of cardiac failure. 


Am. J. Card., 3:274, 1959. 


Preparation of Illustrations 

So that your article will be presented most effec- 
tively, illustrations must be glossy prints or profes- 
sional drawings in black ink (never in blue; it will 
not reproduce well). Reference to all illustrations 
should be inserted in the text in consecutive order. 
Please follow these identification instructions: 
Write the figure number and the author’s name on 


the back of each illustration and indicate the top. 


Type legends for illustrations on a separate sheet 
with numbers corresponding to those on the photo- 
graphs or drawings. Please do not attach legends 


to the pictures. 


A reasonable number of illustrations are supplied free 
of cost; we know the authors will understand that 
special arrangements must be made with the publish- 


ers for excess illustrations and tables. 


Reviews, Abstracts 
Books for review may be sent directly to the Editor, 
Simon Dack, m.p., The of 


Cardiology, 11 E. 36th St., New York 16. 


American Journal 


Permission to abstract must be obtained from the 
publisher. Only paid circulation journals will be 


permitted to abstract. 


Reprints 
Orders for reprints of articles should be sent directly 
to the Publisher, The American Journal of 


Cardiology, 11 East 36th Street, New York 16, N. Y. 


Prices are quoted after articles are published. 


The American Journal of Cardiology 
11 East 36th Street, New York 16, New York 
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for 
balanced 
diuresis... 


cardiac edema - congestive 
heart failure - premenstrual 
tension - edema of pregnancy 


toxemia of pregnancy - obesity 
often invaluable in: epilepsy 
Meénieére’s syndrome - glaucoma 


Ample diuresis for the usual edema- 
tous patient... gentle ...without 
excessive distortion of electrolyte 
or normal water patterns...without 
effect on blood pressure. 

Scored tablets of 250 mg. Ampuls of 500 mg. for soc use. 


DIAMOX 


etazolamide Lederle 
LEDERLE LABORATORIES, a Division of AMERICAN CYANAMID COMPANY, Pearl River, New York CED 
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prompt 
treatment 
of cardiac 


arrhythmias 


QUINIDINE 
hycluochLoride 


Injectable Quinidine Hydrochloride, Brewer—the first injectable 
quinidine available in America—is especially indicated in ventricular tachycardia 
and in certain cases of auricular fibrillation. It usually begins to act 
within 15 to 30 minutes, and reaches its maximum effect in 114 to 3 hours. 
In one study of 107 cases of paroxysmal ventricular tachycardia, 
the investigators conclude: ‘“The treatment of choice was quinidine therapy.’”! 
In refractory cases of paroxysmal tachycardia, 
the intravenous administration of Quinidine has proved effective.” 


ADMINISTRATION: Intramuscularly, or if necessary, intravenously. 


SUPPLIED: Quinidine Hydrochloride Injectable (0.6 gm.) in 5 cc. 
ampuls. Quinidine Hydrochloride Injectable (0.18 gm.) in 1/2 cc. ampuls. 
Also available for oral administration—Quindul (Quinidine Sulfate, 
Brewer) (3 gr.) in capsules, tablets and enteric coated tablets. 


Additional information and clinical reports forwarded on request 


Est. 1852 


Brewer & Company, Inc. 
WORCESTER 8 MASSACHUSETTS, U.S.A. 
1. Armbrust, C.A., Jr., and Levine, S.A.: Paroxysmal Ventricular Tachycardia: A Study of 107 Cases. Circulation 1:28 (1950) 


2. Bell, G.D., Bradley, R.B., and Hurxthal, L.M.: Paroxysmal Tachycardia, Experiences with Massive Doses of Quinidine intravenously in a Refractory 
Case. Circulation 1:939 (1950) 
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SINGOSERP® (syrosingopine CIBA) 
SERPASIL® (reserpine CIBA) 


APRESOLINE® hydrochloride 
MMIT, NEW JERSEY (hydralazine hydrochloride CIBA) 


important reasons why 
physicians choose Esidrix 
for congestive heart failure, 
toxemia & edema of 
pregnancy, premenstrual 
edema, steroid-induced 


edema, edema of obesity 


1. Esidrix is one of the most effective oral 
diuretics known...10 to 15 times more 
active than chlorothiazide. 


Esidrix markedly increases sodium and 
chloride excretion, usually with mini- 
mal effect on excretion of potassium and 
bicarbonate. 


3. Certain patients unresponsive to mer- 
curials and chlorothiazide respond read- 
ily to Esidrix. 


4. Esidrix alone can be used to reduce 
blood pressure. It also potentiates the 
action of such other antihypertensive 
agents as Singoserp, Serpasil, Apresoline, 
and ganglionic blockers. 


5. Patients transferring from chlorothia- 
zide to Esidrix frequently experience ad- 
ditional loss of retained body fluid 
and/or lower blood pressure levels. 


6. In most cases, Esidrix permits modera- 
tion in severe sodium restriction, makes 
meals more palatable. 


(hydrochlorothiazide CIBA) 


An improved analog of chlorothia- 
zide, a product of CIBA research 


supPLieD: Esidrix Tablets, 25 mg. (pink, scored) and 50 
mg. (yellow, scored). 


Complete information available on request. 
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ONLY QUI NAGLUTE 
DURA-TAB S.M. 


PROVIDES ORAL 
QUINIDINE 
GLUCONATE ... 


— 


gen BE ER 
TOLERATED 
because it is 10 times as 
soluble as the sulfate 
SAMPLES and in q. 12 h. dosage each Sustained Medication* dose maintains 
literature —write... uniformly effective, virtually non-fluctuating blood levels, all 
day, all night. 
WYN N in cardiac arrhythmias for maximum quinidine efficacy, toler- 
PHARMACAL ance, convenience!5— specify Quinaglute Dura-Tab S.M. 
CORPORATION Bottles of 30, 100 and 250. 


Lancaster Ave. at 51st St. 
Philadelphia 31, Pa. 


1. Bellet, S., Finkelstein, D., and Gilmore, H.: A.M.A. Archives Int. 
Med. 100:750, 1957. 2. Bellet, S.: Amer. Heart J. 56:479, 1958. 
3. Bellet, S.: Amer. J. Cardiology 4:268, 1959. 4. Finkelstein, D.: 
Penn. Med. J. 61:1216, 1958. 5. DiPalma, J. R.: Progress in Cardio- 
*U.S. Patent 2,895,881 vascular Dis, 2:343, 1960. also available: INJECTABLE QUINAGLUTE 
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refinement 
/| | in rauwolfia 


|| alkaloid 


therapy 


brand of rescinnamine 


FOR BETTER MANAGEMENT OF HYPERTENSION 


a purified alkaloid of rauwolfia... lessens the frequency 
and/or severity of these reserpine side effects: 


mental depression + bradycardia + sedation + weakness 
fatigue lassitude + sleepiness nightmares + gastro- 
intestinal effects 


useful alone for gradual, sustained lowering of blood 
pressure in mild to moderate labile hypertension 


useful as an adjunct to other types of antihypertensive 
agents, permitting their use in lower, better tolerated 
dosage 


Professional information available on request 


PFIZER LABORATORIES Division, Chas. Pfizer & Co., Inc. Brooklyn 6, N.Y. Science for the world's well-being™ 
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whenever 
digitalis 
is needed 


‘LANOXIN’. 


formerly known as Digoxin W. & 


L \NOXIN’ TABLETS “LANOXIN’ INJECTION ‘LANOXIN’ ELIXIR PEDIATRIK 
0.25 mg. scored (white ) 0.5 mg. in 2 cc. (1.M. or I.V. 


mg. seored (green 


0.05 mg. in 1] ee. 


1.1 BURROUGHS WELLCOME & CO. (U.S.A.) INC., Tuckahoe, N.Y. 


“If one digitalis agent were 
to be recommended for its 
adaptability to the many and 
varied clinical contingencies: 
we believe Digoxin would be 
the drug of choice.” 
Lown, B.. and Levine, Ss. A.: Current Concepts in Digitalis Therapy: 
Boston, Little, Brow® & Company 1954, p- 23, Pa 2. 
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Beating 
too fast? 


Slow it 
down with 
SE ~Pp AS] L Serpasil has proved effective as a heart-slowing agent in the 


(reserpine following conditions: mitral disease; myocardial infarction; 


Cardiac arrhythmias; neurocirculatory asthenia; thyroid toxicosis; excitement and effort 
syndromes; cardiac neurosis; congestive failure. Serpasil should be used with caution in 
patients receiving digitalis and quinidine. It is not indicated in cases of aortic insufficiency. 


SUPPLIED: Tablets, 0.1 mg., 0.25 mg. (scored) and 1 mg. (scored). Complete information available on request. ( coe 


SUMMIT+NEW JERSEY 


2/2819mM8 
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THE ANONYMOUS MYCOBAC- 
TERIA IN HUMAN DISEASE ed- 
ited by John S. Chapman, Univ. 
of Texas. With contributions by 21 
authorities whose skills and experi- 
ence are outstanding. No other 
book exists in which can be found so 
comprehensive a review of all fea- 
tures of anonymous mycobacterial 
disease. Basic bacteriology of the 
anonymous mycobacteria is pre- 
sented, placing them in their posi- 


tion with respect to other or- 
ganisms, particularly the human tu- 
bercle organism. Experimental 


data is introduced to aid in an un- 
derstanding of their location as 
pathogens. The book then sum- 
marizes and condenses all available 
information on pathology, epidem- 
iology, clinical patterns, and thera- 
peusis of human infections caused by 
these microorganisms. Pub. date 


July ’60 


THE SURGICAL TREATMENT 
OF PORTAL HYPERTENSION, 
BLEEDING ESOPHAGEAL 
VARICES AND ASCITES by M. 
Judson Mackby, Kaiser Foun- 
dation Hospital, San Francisco. To 
guide the surgeon through the con- 
fused tangle of conflicting theories 
and practices, Dr. Macky presents 
what is probably the first complete 
manual of practical clinical manage- 
ment of the surgical complications of 
cirrhosis—A COMPENDIUM OF 
ALL THAT IS KNOWN, SUS- 
PECTED, OR INFERRED about 
this condition. Emphasis through- 
out on exact technique, including 
detailed descriptions of the various 
operative procedures currently in 
use. (Amer. Lec. Surgery ediled by 
Michael E. De Bakey and R. Glen 
Spurling) Pub. date Sept. 60 


THE CLINICAL USE OF ALDOS- 
TERONE ANTAGONISTS com- 
piled and edited by Frederick C. 
Bartter. Twenty-three  experi- 
enced investigators survey the clini- 
cal and metabolic results of con- 
trolled clinical investigation with al- 
dosterone antagonists in man. Coy- 
erage includes 1) The fundamental 
mechanism of action and clinical re- 
sults with aldosterone antagonists 
used as a diagnostic tool 2) The use 
of aldosterone antagonists in pa- 
tients with cirrhosis and ascites 3) 
Early experiences with aldosterone 
antagonists and patients with car- 
diac failure and edema and 4) 
Preliminary studies with the use of 
aldosterone antagonists in hyper- 
tension, nephrosis, and idiopathic 
edema. Pub. June ’60, 224 pp., 
112 il., $5.00 


THE CHEMISTRY OF LIPIDS 
IN HEALTH AND DISEASE: A 
review of our present knowledge of 
lipids, their chemical structure, their 
breakdown and synthesis in living 
organisms; their place in human 
nutrition; and their abnormalities of 
metabolism in disease by H. K. 
King, Univ. of Liverpool. A 
straightforward, clear summary 
which integrates the findings of 
workers over this wide and expand- 
ing field. Conveys the spirit of new 
ideas rather than becoming just a 
mere guide-book to literature or an 
attempt to revise older theories. 
120 pp., 2 il. (Amer. Lec. Living 
Chemistry edited by I. Newton 
Kugelmass), $3.75 


NEW 
BOOKS 
FOR 
CARDIOLOGISTS 


ELECTRON MICROSCOPY OF 
THE CARDIOVASCULAR SYS- 
TEM: An Electron Microscopic 
Study with Applications to Physi- 
ology by Bruno Kisch, Yeshiva 
Univ. PURPOSE: To acquaint 
the medical profession at large and 
particularly the cardiologist with the 
important contributions that elec- 
tron microscopy has made to our 
understanding of the ultra micro- 
scopic structure and function of the 
cardiovascular system. The au- 
thor’s discovery of the function and 
vast quantity of enzyme bearing or- 
ganisms (sacrosomes) within each 
muscle fiber of the heart opens new 
vistas for understanding the func- 
tion of heart muscle. Pub. dale 
June ’60 


PAGES IN THE HISTORY OF 
CHEST SURGERY by Rudolf 
Nissen, Univ. of Basel, Switzerland, 
and Roger H. L. Wilson, Univ. of 
Calif. School of Med., San Francisco. 
The whole panorama of chest sur- 
gery unfolds—highlighting major 
developments for thoracic surgeons 
and delighting, we are sure, zealous 
students of medical‘history. Early 
figures and their attitudes not only 
on thoracic surgery but the ancillary 
sciences are brought to life. The 
change in attitude from surgery of 
pathologic anatomy to surgery of 
physiologic dysfunction unfolds. 
Pub. date August ’60 


EMBOLIC DISPERSOIDS IN HEALTH AND DISEASE by Gus 


Schreiber, Diplomate, American Board of Internal Med. 


Based on four 


years of intensive investigation, this report demonstrates exogenous and 


endogenous embolic sized particles in significant numbers in the arterial and 


venous blood of human subjects. 


With PROFUSE SUBSTANTIATING 


EXHIBITS the many different types of embolic sized particles are classi- 


fied. 
demonstrated. 


Vewton Kugelmass), $5.50 


Their source, course in the body, and routes of elimination are 
104 pp., 12 il. (Amer. Lec. Living Chemistry edited by I. 


CHARLES C THOMAS e PUBLISHER 
301-327 East Lawrence Avenue 
Springfield Illinois 


22 


| 

§ 

3 

i 

j 

} 

| 


a smoothm 
downward curve 


New Rautrax-N results in prompt lowering of blood pres- 
sure.’ Rautrax-N, a new and carefully developed antihyper- 
tensive-diuretic preparation, provides improved therapeutic 
action! plus enhanced diuretic safety for all degrees of essen- 
tial hypertension. A combination of Raudixin and Naturetin, 
Rautrax-N facilitates the management of hypertension when 
rauwolfia alone proves inadequate, or when prolonged treat- 
ment, with or without associated edema, is indicated. 
Naturetin, the diuretic of choice, also possesses marked 
antihypertensive properties, thus complementing the known 
antihypertensive action of Raudixin. In this way a lower 
dose of each component in 
Rautrax-N controls hyper- 
tension effectively with 
few side effects and 
greater margin 


of safety. 
1-16 


and Ben yd fi 


Other advantages are a balanced electrolyte pattern!!6 and 
the maintenance of a favorable urinary sodium-potassium 
excretion ratio.2-16 Clinical studies'5 have shown that the 
diuretic component of Rautrax-N—Naturetin—has only a 
slight effect on serum potassium. The supplemental potas- 
sium chloride provides additional protection against potas- 
sium depletion which may occur during long term therapy. 


Rautrax-N may be used alone or in conjunction with other 
antihypertensive drugs, such as ganglionic blocking agents, 
veratrum or hydralazine, when such regimens are needed 
in the occasionally difficult patient. 


Supply: Rautrax-N—capsule-shaped tablets providing 50 
mg. Raudixin (Squibb Rauwolfia Serpentina Whole Root) 
and 4 mg. Naturetin (Squibb Benzydroflumethiazide), with 
400 mg. potassium chloride. 

Dosage: Initially-1 to 4 tablets daily after meals. Mainte- 
nance-1 or 2 tablets daily after meals; maintenance dosage 
may range from 1 to 4 tab- 
lets daily. For complete in- 
structions and precautions 
see package insert. Litera- 
ture available on request. 


References: 1. Reports to the Squibb 
Institute, 1960. 2. David, N.A.; 
Porter, G. A., and Gray, R. H.: Mono- 
graphs on Therapy 5:60 (Feb.) 1960. 
3. Stenberg, E. S., Jr.; Benedetti, A., 
and Forsham, P.H.: Op. cit. 5:46 
(Feb.) 1960. 4. Fuchs, M.; Moyer, J. 
H., and Newman, B. E.: Op. cit. 5:55 
(Feb.) 1960. 5. Marriott, H. J. L., and 
Schamroth, L.: Op. cit. 5:14 (Feb.) 
1960. 6. Ira, G. H., Jr.; Shaw, D. M., 
and Bogdonoff, M. D.: North Carolina 
M. J. 21:19 (Jan.) 1960. 7. Cohen, B. 
M.: M. Times, to be published. 8. 
Breneman, G. M. and Keyes, J. W.: 
Henry Ford Hosp. M. Bull. 7:281 
(Dec.) 1959. 9. Forsham, P. H.: 
Squibb Clin. Res. Notes 2:5 (Dec.) 
1959. 10. Larson, E.: Op. cit. 2:10 
(Dec.) 1959. 11. Kirkendall, W. M.: 
Op. cit. 2:11 (Dec.) 1959. 12. Yu, P. 
N.: Op. cit. 2:12 (Dec.) 1959. 13. 
Weiss, S.; Weiss, J., and Weiss, B.: 
Op. cit. 2:13 (Dec.) 1959. 14. Moser, 
M.: Op. cit. 2:13 (Dec.) 1959. 15. 
Kahn, A., and Grenblatt, |. J.: Op. cit. 
2:15 (Dec.) 1959. 16. Groliman, A.: 
Monographs on Therapy 
5:1 (Feb.) 1960. 
Squpes —the 
eless Ingredient 


son 


AND “HATURETIN’ ARE SQUIBB TRADEMARKS. 


The proved, effective antihypertensive— 
now combined with a safer, better Giuretic 


RAUTRAX-N 


Squibb Standardized Whole Root Rauwolfia Serpentina (Raudixin) 
zide (*Naturetin) with Potassium Chloride 
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greater loss of sodium 
lesser loss of potassium 


A new antihypertensive-saluretic, 
Hygroton, now enables still more effective 


lon est in action control of hypertension and edema. 
0 of in ct @ more evenly sustained therapeutic response 


Because it is more prolonged in action 
than any other diuretic,’ Hygroton affords 
in hypertension 


a smoother, more evenly sustained 
response. 


more nearly pure natriuretic effect 
Hygroton produces only minimal 
potassium loss . . . affords a better sodium- 
potassium ratio than other saluretics.* 


more liberal diet for the patient 
As a rule, with Hygroton, restriction of 
dietary salt is unnecessary. 


more convenience and economy 

For maintenance therapy three doses per 
week suffice to manage the vast majority 
of cases.? 


in arterial hypertension 
Sustained control without side reactions. 


in edematous states ’ 
Copious diuresis without electrolyte 
imbalance. 


Hygroton®, brand of chlorthalidone: White, 
single-scored tablets of 100 mg. in bottles of 100. 


References: 

C1) Stenger, E. G., et al.: Schweiz. med. Wchnschr. 
89:1126, 1959. (2) Fuchs, M., Res: et al.: Current 
Therap. Research 2:11, January, 1960. (3) 

Ford, R. V.: Manuscript submitted for publication. 


Gainy Geigy, Ardsley, New York HY 234-60 
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new nitrate 
offers 


new benefits 
for 
anginal patients 


Fremont! notes that Isorpit . . has been very 

effective in increasing the exercise tolerance of patients 
and also reducing the number of attacks of angina 

pectoris of the decubital type.”’ Prophylactically and 
therapeutically, Isorpit provides four distinctive advantages. 


rapid onset —ready solubility of |sorpit produces 
benefits within 15 to 30 minutes (not intended to 
replace emergency use of nitroglycerin). 


prolonged action—benefits of Isorvi persist 
for at least 4 hours per oral dose of 10 mg. 


consistent effect—s5 per cent of patients? 
treated have responded favorably to Isoropi. In 
comparative studies, Sherber* found Isoroit better 
than other therapy in 17 of 18 patients. 


unusual safety—only reported side reaction: 
transitory, easily-controlled headache. 
Electrocardiographic studies by Russek* clearly show 
that lsorpiL produces a more favorable balance 

between oxygen supply and demand following the 
Master two-step test. He concludes that ‘‘IsorbiLis a 
new and effective agent for therapy of angina pectoris.”’ 
Literature and professional samples available on request. 


1. Fremont, R.E.: Personal Communication (Dec., 1959). 

2. Summary of Case Reports on File, lves-Cameron Company. 
3. Sherber, D.A.: Personal Communication (Oct., 1959). 

4. Russek, H.I.: Personal Communication (Oct., 1959). 


TABLETS 


Isosorbide Dinitrate, lves-Cameron 


IVES ‘ IVES-CAMERON COMPANY - New York 16, N.Y. 


*Trademark 
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2 CHART SPEEDS - 3 SENSITIVITIES 


* RECORDING OTHER PHENOMENA 


the work of 


one SANBORN electrocardiograph 


[F you would like the greatest possible versatility 

in a precision, highly developed ECG, the 
Model 100 Viso-Cardiette offers many diagnostic 
and operating advantages to your practice. As 
illustrated, waveforms may be recorded at the 
chart speed and sensitivity most suitable for 
maximum clarity, and non-cardiographic inputs 
can be either recorded or monitored by using the 
**100 Viso’’ in conjunction with other equipment. 
This modern Sanborn ECG also incorporates fully 
automatic stylus stabilization as leads are changed, 
pushbutton ‘‘grounding’’, 8 standard lead positions. 


SANBORN 


The same instrument is also 


available in a mobile cabinet of 
mahogany or rugged, scratch-and 
stain-resistant plastic laminate, as the 

Model 100 M. A third Sanborn ECG is the 
18 Ib. brief case size Model 300 Visette — 
true portability for any nurse or physician. 

Call any Sanborn Branch Office or 
Service Agency for demonstrations 

or descriptive literature. 


COMPANY 


MEDICALYDIVISION 


175 WYMAN ST., 


WALTHAM 54, MASS. 
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SCHERING writes a 
new chapter in diuretic 
& hypertension therapy 


lowest diuretic activity 


trichlormethiazide 


selective electrolyte screening 


lower potassium excretion, less risk of digitalis toxicity...maximum sodium output... 
balanced sodium and chloride excretion...24-hour effect on one 4 mg. dose... signifi- 
cant antihypertensive effect alone, potentiates other antihypertensive drugs... 

more economically priced...dosage less than 1/100 of chlorothiazide 
Packaging: NAQUA Tablets, 2 and 4 mg. scored, bottles of 100 and 1000. 
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A moderate 
low-fat 
well-balanced 
breakfast for 
children 10-12 


years of age 


It has been found that those who develop obesity in calories, thus it is moderately low in fat. It is well- 
childhood appear to have more of a dietary problem balanced as shown in the chart below. The lowa Break- 
than those who develop obesity in the adult years. As a fast Studies demonstrated that children of about this age 
service to those advising about the obese child, a basic have better grades and attitudes at school when they eat 
cereal and milk breakfast is worth consideration. Jts fat a well-balanced basic cereal and milk breakfast each 


content of 10.9 gm. provides 20 per cent of the total morning. 


Recommended Daily Dietary Allowances* and the Nutritional Contribution of a Basic Cereal 
and Milk Moderate Low-Fat Breakfast ; 


Menu: Orange Juice—4 oz.; 
Cereal, dry weight—1 oz.; 
Whole Milk—4 oz.; Sugar—lI teaspoon; 
Toast (white, enriched)—2 slices; 
Butter—S5 gm. (about I teaspoon); 
Nonfat Milk—8 oz. 


Vitamin Niacin Ascorbic 
Nutrients Calories Protein Calcium Iron Thiamine Riboflavin equiv. Acid 


Totals supplied by 
Basic Breakfast 503 20.9 gm. 0.532 gm. 2.7 mg. S881.U. 0.46mg. 0.80 mg. 7.36 mg. 65.5 mg. 


Recommended Dietary 
Allowances—Children, 10 to 


12 Years (36 kg.—79 Ib.) 2500 70 gm. 1.2 gm. 12mg. 45001U. 1.3 mg. 1.8 mg. 17 mg. 75 mg. 
Percentage Contributed 
by Basic Breakfast 20.1% 29.8% 44.3% 225% 13.1% 354% 444% 43.3% 87.3% 
Cereal Institute, Inc.: Breakfast Source Book. * The allowance levels are intended to cover individual variations 
Chicago: Cereal Institute, Inc., 1959. among most normal persons as they live in the United States under 
Food & Nutrition Bd.: Recommended Dietary Allowances, Revised 1958. usual environmental stresses. Calorie allowances apply to 
Natl. Acad. Sci.—Natl. Research Council Publication 589, 1958. For i 
office workers or others in sedentary occupations they are excessive, 
Watt, B. K., and Merrill, A. L.: Composition of Foods—Raw, Adjustments must be made for variations in body size, age, ' 


Processed, Prepared. U.S.D.A. Agriculture Handbook No. 8, 1950. physical activity, and environmental temperature. 


CEREAL INSTITUTE, INC. 
135 South La Salle Street, Chicago 3 


A research and educational endeavor devoted to the betterment of national nutrition 
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“Every illness includes 
some nutritional, metabolic 
disturbance either directly or 


indirectly.” 


Keep informed of new 
developments in: 


Nutrition 
Metabolism 
Endocrinology 
Diet Therapy 


Read 
The American Journal 


of Clinical Nutrition 
(issued bimonthly) 


WRITE FOR YOUR FREE 


SAMPLE COPY 


The American Journal of 
Clinical Nutrition 


36TH STREET 


NEW YORK 16, N. Y. 
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trichlormethiazide 


lowest dosage, balanced 
sodium and chloride output in 
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Originators and Sole Producers of a complete line of 


Cardiac Catheters and Electrodes 


+ 


* Edwards’ Knitted and Woven Arterial Grafts and 
Bifurcations of Teflon® 


Detergicide, for Cleaning and Disinfecting; Available as 
a Concentrated Solution 


Developed and approved in cooperation with the Medical Profession 


A Research and Experimental Department is 
Maintained for the development of Cardiac 
Instruments and Teflon Vascular Prostheses 


in collaboration with the Medical Profession. 


Send for Literature 


United States Catheter & Instrument Corp. 
Glens Falls, New York 


® Teflon is the trade name of E. I. du Pont de Nemours & Co., Inc., for its tetrafluorethylene resin and fiber. 
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The American Journal of 


Cardiology 


Back Issues Wanted 


(MUST BE IN GOOD CONDITION) 


THE AMERICAN JOURNAL 
OF CARDIOLOGY 


will pay $1.00 per copy for 


the following issues: 


JANUARY 1960 


MARCH 1960 


Send 
Postpaid 


to 


THE AMERICAN JOURNAL OF CARDIOLOGY, INC. 
ll East 36th Street New York 16, N. Y. 
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blocks absorption 
of cholesterol 


CYTELLIN: 


lowers 
elevated serum cholesterol 
without 


~ severe dietary restrictions 


Cytellin is the only product that prevents 
cholesterol in the intestine from entering the 
circulation. It reduces absorption of both di- 
etary and endogenous cholesterol by uniting 
with it and rendering it incapable of being 
absorbed from the G.-I. tract. Thus, choles- 
terol is ‘tied up” and ultimately eliminated. 

In at least 85 percent of cases, Cytellin 
taken just before each meal will permit pa- 
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Cardtology in Avtation 


Introduction 


N NovemBER 12 and 13, 1959, the first 

International Symposium on Cardiology 
in Aviation was held at the USAF School of 
Aviation Medicine and The Aerospace Medical 
Center, Brooks Air Force Base, San Antonio, 
Texas. This preceded the formal dedication 
of the new facilities of the Center provided to 
study the biomedical aspects of aerospace 
flight. 

Cardiology in aviation became important 
in World War u. High performance aircraft 
carried man to new heights and greater speeds. 
Hypoxia and increased gravitational force (g) 
due to acceleration in combat maneuvers created 
major stresses upon the circulatory system. 
The limits of human tolerance to hypoxia 
and g force were studied intensively. New 
protective equipment was developed. Because 
of the nature of flight it was obvious that even 
momentary malfunction of the circulatory sys- 
tem could not be tolerated. Momentary cir- 
culatory collapse during flight could only lead 
to an aircraft disaster. The physician had to 
go beyond the question of the presence or ab- 
sence of disease and assess the performance 
capability of the aviator. As aviation has 
progressed, the responsibility of the aircrew 
has continued to increase. At the threshold of 
man’s conquest of space, the responsibility of 
the human occupant in the space craft has 
reached the ultimate. At this historic beginning 
of the space age, it seemed advisable to assess 
past experiences in aviation cardiology and 
define some of the problems indigenous to the 
new age. 

Finest and most dependable performance of 
aircrews for commercial airlines is of no less 


importance than military aviation. Today’s 
cardiologist must be able to advise his patients 
concerning air travel. Unjustified fears of air 
travel have resulted in the past in mistaken 
advice to patients with cardiac disease who 
travel by land over mountainous routes higher 
in altitude than the altitude in the cabins of 
commercial aircraft. Similarly, the physician 
should understand the necessity for complete 
assessment of the patient’s pulmonary, hemato- 
logic and metabolic status prior to giving an 
opinion concerning whether he should or should 
not fly. 

Important studies of the past include the 
cardiovascular studies begun in World War 
by the Royal Canadian Air Force on all en- 
trants into the aviation program. Similarly, 
the U. S. Navy studied 1,000 healthy young 
aviators entering training. On April 4, 1957, 
the U. S. Air Force became the first branch of 
our Armed Forces to require routine electro- 
cardiograms on all flying personnel. Subse- 
quently, the Federal Aviation Agency has 
required that all commercial airline pilots have 
similar examinations. 

The first 67,375 electrocardiograms obtained 
in the USAF program have been analyzed in 
detail and are presented as part of this Sympo- 
sium. A large number of the subjects pre- 
senting with electrocardiographic abnormalities 
have been evaluated clinically. Much new 
information has been obtained in this survey. 
For the most part previous data on electro- 
cardiography have been obtained from patients 
in hospitals and clinics who seek medical counsel 
because of symptoms of disease. Such informa- 
tion is based upon a preselected population and 
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often gives false impressions.concerning the sig- 
nificance of electrocardiographic findings. A 
good example is the reported high incidence of 
paroxysmal tachycardia in the Wolff-Parkinson- 
White syndrome which is not at all comparable 
to the incidence of this finding in an asympto- 
matic population. The electrocardiographic data 
presented in this Symposium provide the basis 
for future longitudinal studies that will improve 
medical support for aviation and provide new 
meaningful data for use in clinical cardiology. 

Finally, the study of different measure- 
ments in several age groups (sixteen to sixty 
years of age) suggests that there are clues to 
aging that may be detected by electrical meas- 
urements. Such new data may open new 
avenues for cardiovascular research. 

As the space age blossoms into reality new 
questions will be posed concerning the influence 
of the weightless state on the aging process 
and on the mechanical action of the circulatory 
system. Will weightless, circulating blood be 


associated with less vascular disease? What 
influence will deterioration of anti-g reflexes 
responsible for peripheral vascular tone have 
upon hypertension and the sites for the develop- 
ment of atheromatous plaques? These and 
similar questions will probably be answered 
within this century. 

Just as aviation cardiology has profited from 
clinical experiences, clinical cardiology can 
profit from advances in aviation cardiology. 
Since there is significant difference in the type 
of population studied, and the challenge is that 
of a new age, it is hoped that the reader will 
find this unique Symposium both interesting 
and informative. 


LAWRENCE E. LAmB, M.D., F.A.C.C. 
Chief, Department of Internal Medicine 
School of Aviation Medicine 

The Aerospace Medical Center 

Brooks Air Force Base 

San Antonio, Texas 
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Cardiovascular Research in the 
Public Health Service’ 


L. E. BuRNEy, M.D. 


Washington, D. C. 


AY OF us who are concerned with medicine 
or aviation, or both, are living in a period 
more stimulating than any other of living mem- 
ory. Whether we realize it or not, our age will 
probably be regarded as one of the greatest 
scientific revolutions in human history. Speed 
of innovation is one of the unique characteristics 
of contemporary science. Another is the in- 
creasing synthesis of the biologic and physical 
sciences in a search for new principles concerning 
human physiology. These two factors alone 
present practicing physicians and administrators 
of medical programs with a problem which has 
no ready solution; namely, how to keep pace 
with the rapidly advancing front of science. 

The speed of discovery in clinical research is 
perhaps less difficult to overcome than the 
increasing dependence of medicine on technics 
and bodies of knowledge hitherto unknown, or 
superficially taught, in basic medical curricu- 
lums. Hence, the problem of communication 
between research scientists and medical practi- 
tioners involves both enrichment of the physi- 
cian’s basic preparation and his continuing 
education. 

The Public Health Service administers a num- 
ber of programs which enable us to be of assist- 
ance in solving problems of interdisciplinary 
communication. As a background for my 
remarks on cardiovascular research, it would be 
helpful to briefly review our organization. 


ORGANIZATION OF PuBLic HEALTH SERVICE 


As a constituent unit of the Department of 
Health, Education and Welfare, the Public 
Health Service is organized in three operating 
bureaus and the Office of the Surgeon General, 
an administrative bureau. The Bureau of 
Medical Services directly administers our hos- 
pitals and medical care programs, including the 


comprehensive health care of Indians and natives 
of Alaska. The National Foreign Quarantine 
Service also is located in that bureau, as well as 
programs in dental and nursing resources, and 
administration of the National Hospital and 
Medical Facilities Construction Program. The 
latter provides grants to the states for surveys 
and construction, as well as to non-federal insti- 
tutions for research in hospital administration. 
The Bureau of State Services administers our 
cooperative programs with State Health Depart- 
ments in numerous fields. It administers our 
regional organization which provides liasion 
with the states and with other federal agencies 
in nine cities, covering the continental United 
States, Alaska, Hawaii, Puerto Rico and ocher 
insular possessions. The Bureau of State Serv- 
ices also conducts important research programs 
at our Communicable Disease Center in Atlanta, 
our Sanitary Engineering Center and Occupa- 
tional Health Laboratory in Cincinnati and 
the Arctic Health Research Center in Anchor- 
age. 

The National Institutes of Health at Bethesda, 
Maryland, however, is the medical research 
bureau of the Public Health Service. It has 
direct responsibility for seven categorical insti- 
tutes, including the National Heart Institute, 
a Division of General Medical Sciences, a Divi- 
sion of Biologics Standards and the Clinical 
Center. 

The Clinical Center is a 500-bed research 
hospital in which the Institutes conduct inte- 


grated laboratory and clinical investigations in 


the following special fields: cardiovascular 
disease, cancer, neurology, psychiatric disorders, 
allergy and infectious diseases, and arthritis and 
metabolic diseases. Patients are admitted to 
the Center on referral by their physicians and 
on the basis of relation of their disease to current 


* From the Office of the Surgeon General, Public Health Service, U. S. Department of Health, Education and 


Welfare, Washington, D. C. 
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investigations. Each Institute conducts addi- 
tional laboratory and field studies in its special 
areas of investigation. 

The extramural programs of the National 
Institutes of Health provide financial grants for 
research and training. These include grants for 
the conduct of research projects in non-federal, 
non-profit institutions; research fellowships for 
the training of promising young scientists in the 
full range of medical research specialties; and 
clinical traineeships for physicians in a few spe- 
cialties, such as cancer and psychiatry. Con- 
struction grants are awarded to institutions on a 
dollar-for-dollar matching basis for the expansion 
of medical research facilities. In addition, for 
the past ten years medical and dental schools 
have received grants to enable them to strengthen 
their undergraduate and graduate teaching in 
special fields. 

Another illustration of how the Public Health 
Service assists in research and training is the 
award of grants for the development of depart- 
ments of biophysics in medical schools. ‘Two 
years ago, not more than six medical schools had 
such departments. Yet, this rapidly growing 
specialty, pioneered by physicists and biologists 
in non-medical departments, is destined to pro- 
vide much of the scientific technic and knowl- 
edge essential for the survival of tomorrow’s 
astronauts. 

Yet another innovation in research is the 
establishment of regional university centers on 
research in aging. The National Heart Insti- 
tute and the National Institute of Mental Health 
are jointly supporting two such centers, at Duke 
University and Albert Einstein Medical College, 
respectively. The plans of these centers differ 
according to the geographic and social charac- 
teristics of their regions, but both involve an 
interdisciplinary approach to the basic problems 
of aging. 

National Advisory Councils, composed of 
leaders in medical research, education and 
public affairs, assist the Public Health Service 
in the formulation of policies and the award of 
grants for each of the programs of the National 
Institutes of Health. Colleagues from the 
Department of Defense and other federal med- 
ical services serve as ex officio members on all of 
these councils, along with the leaders from out- 
side the Government. 

The total appropriation for the National 
Institutes of Health for this fiscal year, 1960, 
amounts to 400 million dollars, a 36 per cent 
increase over the preceding year. The signifi- 


cance of this increase is, I believe, a reflection of 
the nation’s growing awareness of the scientific 
and technologic revolutions. In medical re- 
search no less than in other scientific fields, 
American science must hold its leadership. 
Our medical research and training institutions 


‘must be adequately supported to play as dra- 


matic a role of pioneering as developmental 
research is playing in the launching of space 
probes. We in the Public Health Service are 
glad to note that nearly three-fourths (72 per 
cent) of funds of the National Institutes of Health 
have been appropriated for aid to research and 
training in the form of grants and fellowships. 


CARDIOVASCULAR RESEARCH 


We are all aware that the answer to questions 
which confront cardiologists in their daily prac- 
tice will come from a wide variety of scientific 
disciplines, and from some investigations which 
appear at first glance to be remote from the 
human cardiovascular system. The National 
Heart Institute is the Public Health Service’s 
focal point for stimulating research interest in 
this broad field, as well as for the planning of 
future developments and for the conduct of our 
own intramural investigations. 

The range of work in progress in the nation’s 
public and private non-profit institutions and 
the forward thinking of the nation’s scientists, to- 
gether illustrate forcefully the new synthesis of 
biologic and physical sciences. In fields directly 
or remotely related to heart disease, significant 
studies range from the development of new 
instrumentation for the study of the human 
heart to basic chemical and biologic studies of 
lower forms of life. 

Some of this work unites the interests of space 
medicine and earth medicine, each profiting in 
the exchange. Of particular interest to aviation 
medicine are the attempts to adapt telemetering 
methods to the study of patients with heart 
disease in their normal settings. How to 
determine the capacity for work of a patient 
with heart disease has long been a major med- 
ical problem, especially for the industrial physi- 
cian. 

Some progress has been made in telemetering 
in the diagnostic laboratory setting. These 
methods have not been developed to the point 
that the physician can be provided with a long 
term measurement of the patient’s cardiac pat- 
tern. The research problem is to adapt present 
equipment so that it provides a true record of 
deviations, rather than a record of a discrete 
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time and place. For example, scientists inter- 
ested in instrumentation see no reason why 
patients could not be given small transistor car- 
diographs to wear continuously without incon- 
venience. The machine could be equipped 
with a selective device that would present the 
physician with the significant portions of the 
record. 

Those daring scientists who are involved in 
space exploration have entirely new approaches, 
new ways of looking at the universe and at the 
human organism. They want to know, for 
example, the effects of microclimatic factors on 
persons adapted for life in macroclimates. In 
meteorology alone, there have been tremendous 
advances in measurement so that we are better 
able to describe climate; but we have scarcely 
begun to describe the effects of the microclimate 
of a space probe, a jet plane, a submarine or an 
air-conditioned building on living organisms 
over long periods of time. The problems posed 
by space medicine are formidable; their solu- 
tion we do not doubt. In those solutions, we 
will find answers to many questions in the field 
of cardiology. 

One of the ways to speed these solutions is to 
seek out the imaginative scientists who are 
motivated to be pioneers and give to them oppor- 
tunities to combine their specialized talents and 
skills in fresh approaches to old and new prob- 
lems. Public Health Service research and 
training programs are trying to accomplish 
just such an objective. The young scientists 
who are brought together now from various 
parts of a university to study problems in cardi- 
ology will be the discoverers and the teachers of 
tomorrow. 

The National Advisory Heart Council is 
keenly interested in the possibilities of developing 
such nuclei of interdisciplinary research and 
training related to cardiovascular disease. A 
considerable amount of fascinating work, com- 
bining physical biology, biochemistry and com- 
parative anatomy, is already being supported 
by the National Heart Institute. 

In studies of lower forms of life, biologists are 
providing medical scientists with new leads to 
research on the processes of aging and on human 
cardiology. For instance, Carroll Williams at 
the Harvard Biological Laboratory, has dis- 
covered a “‘status quo” hormone in insects which 
regulates the precise timing that enables them, to 
develop from pupa to imago. As may be sur- 
mised, it was a distinct accomplishment to get 
this microscopic substance into a test tube. The 
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relation of this hormone to the function of the 
thymus in human beings is of direct concern to 
medical scientists interested in aging as a bio- 
logic phenomenon. Such contributions as these 
will eventually lead to practical measures for 
better management of aging in the human pa- 
tient. 

Recent studies of the vascular system of the 
octopus, also supported by the National Insti- 
tutes of Health, have been of great interest. 
Here is an animal known to have adapted to 
both an aerobic and an anaerobic environment. 
What happens when it goes to the bottom of the 
ocean remaining for long periods under great 
pressure? It has been found that its heart stops 
and shifts to a metabolism suited to this anaer- 
obic environment. When it “comes up for air,”’ 
its heart starts again and it shifts back to its 
aerobic metabolism. The question now is what 
biophysical, biochemical devices permit this 
extraordinary shift. Perhaps in earlier periods 
medicine would not have been interested in this 
biologic curiosity. As man prepares to launch 
into space, to remain in submarines at new 
underwater depths, medical research is com- 
pelled to take an interest. What nature has 
provided, man will learn to imitate in his efforts 
to master not only his natural environment, but 
also the microcosmic environment of his new 
inventions. 

These less well publicized types of cardio- 
vascular research illustrate the directions in 
which science is leading us along unexplored 
paths to a better understanding of man and his 
diseases. The National Heart Institute con- 
tinues to conduct and support a great deal of 
basic and clinical research directly related to 
specific cardiovascular diseases. 

Improved understanding of the human cardio- 
vascular system and its response to drug therapies 
is coming from various institutions in studies 
supported by the National Institutes of Health, 
as well as from its own laboratories. It is now 
possible, for example, to observe coronary artery 
circulation under the image amplifier fluoro- 
scope with high speed photography. By the 
use of a small plastic catheter inserted into the 
coronary artery via the artery in the arm, a small 
amount of radiopaque dye can be injected into 
the right or the left coronary artery, outlining 
the vessel’s pattern and localizing the site of 
occlusion. The effect of drugs on coronary 
blood flow can also be studied and even direct 
introduction of enzymes to dissolve clots is being 
tested. Recently, an electronic computer was 
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adapted to this procedure whereby two pressure 
measurements are integrated, yielding a measure 
of instantaneous velocity of blood flow through- 
out the heart cycle. 

The Institute has supported and conducted 
intensive programs of research on atheroscle- 
rosis, with special reference to diet as a factor in 
its etiology. A summary of nationwide research 
in this field over a ten-year period has been pre- 
pared and published by the Institute. Although 
there has been much progress, this summary 
shows the gaps that still remain in our knowledge 
of this complex disease. 

The most fruitful area of research at the pres- 
ent time appears to be in studies of the bio- 
chemical mechanisms by which the body handles 
fatty substances. As a part of its program, the 
National Institutes of Health has stimulated the 
use of improved gas chromatography in the 
analysis of various fats. Recently, the Institute 
developed a highly sensitive and reliable device 
which makes it possible to separate and identify 
the components of fat mixtures in minute sam- 
ples. Heretofore, the ability of gas chromatog- 
graphy to differentiate components of natural 
fats has been limited. Since each component 
may be metabolized by a different biochemical 
reaction, research on the role of fatty substances 
in the etiology of atherosclerosis has been ham- 
pered. ‘The use of this new technic should open 
the way to more rapid progress in knowledge of 
the disease. 

Basic biochemical and clinical investigations 
at the Institute have made important contribu- 
tions to the treatment of hypertension. Clinical 
findings indicate that enzyme inhibition repre- 
sents a promising new approach to more success- 
ful treatment of hypertension, as well as opening 
the door to increased understanding of the way 
in which the nervous system chemically in- 
fluences blood pressure. The National Heart 
Institute is also making significant contributions 
to the development of surgical therapy of heart 
disease, particularly in the areas of diagnostic 
and evaluative procedures. 

For the last ten years, the National Heart 
Institute has been conducting a long term epi- 
demiologic study of cardiovascular disease in an 
adult population group. This field investiga- 
tion was carried out in cooperation with the 
State and local health departments at Framing- 
ham, Massachusetts. Although our investiga- 
tors focused their study on coronary heart disease 
and hypertension, these approaches also yielded 
significant findings on rheumatic heart disease 


and certain non-cardiovascular conditions. 
Outstanding characteristics of the study have 
been the comprehensiveness of medical examina- 
tions made of all subjects and the high propor- 
tion of clinical followup. The findings contain 
much of interest on age incidence, sex differential 
and association of arteriosclerotic heart disease 
with such factors as obesity, high blood pressure 
and hypercholesteremia. Several important 
reports based on data accumulated in the study 
have been published.?—‘ 

One by-product of particular interest to avia- 
tion medicine is a report on the electrocardio- 
gram in neurocirculatory asthenia or anxiety 
neurosis. The question has often been raised as 
to whether or not anxiety neurosis might be a 
cause of electrocardiographic abnormalities. 
Doctors Kannel and Dawber of the Framingham 
Study and Dr. Mandel E. Cohen of Harvard 
Medical School compared the electrocardio- 
grams of about 750 healthy control subjects 
with those of 203 patients who had neurocircula- 
tory asthenia but no cardiac disease or hyper- 
tension. All subjects had been studied under 
identical laboratory and clinical conditions. 
The investigators concluded® that there is no 
characteristic electrocardiographic abnormality 
associated with neurocirculatory :asthenia, and 
that abnormalities characteristic of heart disease 
do not occur as manifestations of neurocircula- 
tory neurasthenia. In short, the electrocardio- 
gram can still be regarded as an objective indica- 
tor of heart disease in many cases. Specific elec- 
trocardiographic abnormalities cannot be at- 
tributed to anxiety neurosis. 

In addition to the publication and distribution 
of research findings from its own investigations, 
the National Heart Institute assists in improving 
communication between scientists and medical 
practitioners in other ways. It supports scien- 
tific conferences on general and specific subjects 
in the field of cardiology. About a year ago, for 
example, the meeting of the International Com- 
mittee on Blood Clotting Factors in Rome was 
made possible by a Public Health Service grant. 
The National Heart Institute also conducts 
symposia on various problems in cardiovascular 
research. For example, owing to the resurgence 
of interest in epinephrine and its chemical 
relatives including serotonin, a symposium 
was held on this subject last year to bring to- 
gether information concerning these substances 
and their relation to the mechanism of action of 
tranquilizers in the treatment of hypertension 
and some mental disorders. 
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The research programs of the Public Health 
Service are designed to stimulate and augment 
scientific effort in all fields related to human 
health. One of the underlying purposes of our 
programs is to enhance the knowledge and skills 
of medical practitioners. In cardiovascular 
research as in other areas, we seek the interest 
and cooperation of physicians as individual prac- 
titioners and as members of professional associa- 
tions. 
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Influence of Aerospace Flight on the 


Normal Cardiovascular System 


Wis the key to further progress in scientific 
achievement becomes dependent upon bio- 
logic adaptability, it is necessary for us to take 
stock of our basic knowledge of the vital functions 
of the human organism. At the threshold of 
man’s conquest of space, one of the vital func- 
tions, the circulatory system, may well prove to 
be the determining factor of man’s success or 
failure. In man’s primitive flight into the 
earth’s atmosphere, it was recognized that this 
unnatural envionment created many stresses 
affecting the cardiovascular system; for exam- 
ple, both increased gravitation force (g) and hy- 
poxia caused major alterations in cardiovascular 
dynamics. For this reason, much investigation 
has been directed toward the study of the in- 
fluence of the stresses of flight upon the circula- 
tory system. 


Hypoxia 


One of the common stresses imposed by 
aerospace flight is hypoxia. Without protective 
equipment or other sources to supply oxygen, 
man usually cannot tolerate altitudes in excess 
of 23,000 feet. It is interesting to note that the 
heart muscle itself, however, is relatively resist- 
ant to hypoxia. The heart can survive for 
long periods of time when exposed to an oxygen 
tension as low as 15 mm. Hg, or to altitudes of 
32,000 to 40,000 feet. Survival of the heart 
muscle does not mean that it remains functional. 
Under such a degree of hypoxia, the heart will 
not work under a load or function as a pump 
for more than about thirty minutes until cardiac 
failure occurs. 

Most instances of circulatory collapse second- 
ary to hypoxia are brought about by reflex 


Stresses and Effects” 
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Cir- 


action rather than myocardial hypoxia. 
culatory collapse, in turn, causes ischemia and 
asphyxia of the central nervous system, resulting 
in loss of consciousness and death. 

The normal cardiac muscle differs from all 
other types of muscle in that it is capable of 
utilizing lactic acid in its metabolic cycle.’ 
Prevention of accumulation of lactic acid, in 
turn, prevents acidification of heart muscle. 
Even when the oxygen saturation of the coro- 
nary blood is as low as 25 per cent, lactic acid 
is still absorbed from the blood stream by heart 
muscle. For this reason cardiac muscle can 
function for hours at extreme altitudes of 32,000 
to 40,000 feet until myocardial function ceases 
from exhaustion. 

Cardiac Adjustments to Moderate Altitude: In 
the initial phase of flight, exposure to moderate 
altitude imposes no major stress upon the normal 
cardiovascular system. Adaptation is accom- 
plished by increased ventilation which main- 
tains a physiologic alveolar pO». Although 
considerable variation is present, most normal 
subjects will begin to make both pulmonary 
and circulatory adjustments to altitudes be- 
tween 6,000 and 10,000 feet. Above these 
altitudes, the respiratory system has increasing 
difficulty in maintaining sufficient alveolar pO>. 
As a result, the diminished oxygen supply to the 
circulatory system requires greater adjustment 
in circulatory dynamics. At first this is ac- 
complished by increased cardiac rate, and in 
some instances, increased stroke volume. Pe- 
ripheral vascular dilatation may occur so that a 
greater amount of oxygen can be absorbed from 
the blood stream at the level of the tissues. 
With progressive hypoxia, diminished alveolar 


* From the Department of Internal Medicine, School of Aviation Medicine, The Aerospace Medical Center, Brooks 
Air Force Base, San Antonio, Texas. 
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oxygen content may result in continued loss 
of peripheral vascular tone, which eventually 
may lead to circulatory collapse not dissimilar 
from common vasodepressor syncope. When 
this occurs it is usually at altitudes of between 
18,000 and 23,900 feet. 

As alveolar oxygen diminishes, the amount 
of oxygen carried by the blood stream decreases. 
The decreased oxygen content requires an 
increased cardiac output if adequate oxygen 
is to be supplied to the tissues. A _ greater 
amount of oxygen can also be extracted from the 
blood stream and, within limits, this aids in 
compensating for exposure to altitude. While 
the normal heart muscle will tolerate the in- 
creased work imposed upon it by moderate 
degrees of hypoxia, the situation is quite dif- 
ferent in cardiac disease. Whereas hypoxia 
stimulates dilatation of the normal coronary 
artery, this cannot be expected when the coro- 
nary vessel is rigid from atherosclerosis. Under 
these circumstances, the increased cardiac work 
can cause relative coronary insufficiency. 

Cardio-inhibitory Response to Hypoxia: After 
the initial phase of increased cardiac rate, 
hypoxia may cause cardiac slowing. As 
hypoxia progresses, it results in stimulation of 
all the receptors in the brain. Since the domi- 
nant influence on cardiac rate is transmitted by 
the parasympathetic system, cardiac inhibition 
occurs. Cardiac slowing to the point of 
collapse due to bradycardia may _ ensue. 
Evidence that such cardio-inhibitory responses 
are in fact due to reflex mechanisms has been 
adequately demonstrated by classic experiments 
utilizing sectioning of the vagus nerve.’ The 
dominant autonomic control of peripheral 
vascular tone is mediated by the sympathetic 
nervous system. In generalized stimulation of 
all cardiovascular centers, a rise in blood pres- 
sure is common. This is caused by increased 
sympathetic control of the peripheral vascular 
bed with increased peripheral resistance. Fi- 
nally, as hypoxia is continued to the point that 
there is an accumulation of metabolites at the 
level of the tissues, these influences override 
sympathetic control and peripheral vascular 
collapse may ensue. In this manner hypoxia 
may induce bradycardia with circulatory col- 
lapse. 

The critical alveolar pOz level is 30 mm. Hg. 
At this level, the oxygen pressure of the venous 
blood of the central nervous system is approxi- 
mately 19 mm. Hg. This threshold occurs at 
an altitude of approximately 23,000 feet. Al- 
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though there is considerable variation, this is 
about the lethal altitude for most subjects. 

Other Factors Affecting Tolerance to Hypoxia: 
Whether or not a given degree of hypoxia en- 
countered during flight will seriously affect 
circulatory dynamics depends on many other 
factors. Simple decrease in the oxygen content 
causes a moderate increase in cardiac output. 
Not infrequently the aviator is also exposed to a 
considerable amount of heat. This may occur 
in the plane, waiting for take-off or in certain 
types of aircraft as a result of the pressure suit 
and protective equipment worn. The in- 
creased environmental temperature increases 
the demands on the circulation and compounds 
the effects of hypoxia. Physical exertion in- 
creases the metabolic demands of the tissues and 
requires an increased cardiac output to meet 
these demands. Man’s tolerance to hypoxia is 
understandably less if physical exertion is 
required during exposure to altitude. Any 
factor which increases the metabolic level 
decreases man’s tolerance to hypoxia because of 
multiple demands upon the circulatory system. 

Alterations in the ability of the blood stream 
to carry oxygen will affect tolerance to altitude. 
Since each gram of hemoglobin combines with 
1.34 cc. of oxygen, a decrease in available hemo- 
globin will diminish the oxygen content, resulting 
in increased cardiac output and diminished 
tolerance to hypoxia. This situation can 
occur in the presence of anemia or by establish- 
ing a carbon monoxide bond with hemoglobin 
when a person is exposed to carbon monoxide. 

Certain diseases of the lung prevent adequate 
alveolar ventilation and/or diffusion of oxygen 
into the blood stream. This results in inade- 
quate saturation of the blood stream with 
a secondary increase in cardiac output. The 
difficulty is compounded during exposure to 
altitude. Hypoxia can also cause dramatic 
increases in pulmonary hypertension which 
may precipitate right heart failure. 

Arrhythmias During Hypoxia: Although many 
simple cardiac arrhythmias are not associated 
with either cardiac disease or significant altera- 
tion in cardiovascular dynamics at ground level, 
they may induce serious arrhythmias during 
hypoxia. An ectopic ventricular focus which 
may cause only occasional ventricular pre- 
mature contractions during normal cardiac 
rhythm may assume control of the heart during 
inhibition of the sinus pacemaker due to re- 
flexes initiated during hypoxia. If the ventric- 
ular focus is rapid, ventricular tachycardia 
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A, in normal circumstances oxygen is transported from the lung to the 


brain in the time required for circulation between the lung and brain (lung-to- 


brain circulation time). 


B, with explosive decompression oxygen leaves the 


blood stream to escape through the lung and the blood leaving the lung is 


essentially anoxic. 
brain circulation time. 
oxygen reserve begins depletion. 


C, the anoxic blood reaches the brain within the lung-to- 
After the anoxic blood reaches the brain the tissue 
D, the brain remains inadequately oxy- 


genated until lung-to-brain circulation time has elapsed to bring oxygen to the 


brain after oxygen inhalation is resumed. 


Similarly, ectopic foci in the atria 
may become the primary pacemaker when the 


may occur. 


usual order of excitation is disturbed. Re- 
sponses such as those discussed require evalua- 
tion by a dynamic physiologic approach of 
individual adaptation to the stresses of aero- 
space flight in contradistinction to the more 
elementary problem of determining only the 
presence or absence of cardiac disease. 


AcUTE ANOXIA 


One of the interesting features of anoxia is 
directly related to circulation time. This is 
the time reserve, or time of consciousness noted 
when a person is suddenly exposed to altitudes 
of 50,000 feet or above.4~* This may occur 
when it is necessary to bail out at high altitudes, 
or when there is sudden loss of pressure in the 
cabin during a high altitude flight. The al- 
veolar gases are rapidly expelled to the external 
environment of markedly diminished ambient 
pressure, and for circulatory purposes, the 
alveolar sac is anoxic. In fact, the oxygen 
tension of blood going to the lungs is momentarily 
greater than the pressure of the oxygen within 
the alveolus. Oxygen rapidly diffuses out of 


the venous blood into the anoxic alveolus. The 
blood which leaves the lungs is relatively un- 
saturated with oxygen. Consciousness, how- 
ever, will be maintained until after the anoxic 
blood reaches the brain. The circulation time 
from the lungs to the brain is seven to ten 
seconds. The oxygen tension within the brain 
cells will then be depleted. This requires 
four to six seconds. Thus, a total of only 
ten to fifteen seconds of consciousness can be 
expected under these circumstances (Fig. 1). 

If the period of exposure to extreme altitude 
is less than ten to fifteen seconds, a short period 
of unconsciousness will still occur during the 
time that relatively anoxic blood bathes the 
cells of the brain. ‘Transitory loss of conscious- 
ness can be avoided only when exposure is less 
than five to six seconds or within the time limit 
that the cells of the brain can function on 
intracellular oxygen. 

At lower altitudes, the time reserve is extended 
until the oxygen within the alveolus is depleted. 
In both cases, however, loss of consciousness will 
ensue within ten to fifteen seconds after the 
pulmonary blood flow ceases to be adequately 
oxygenated. 
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PosiTIVE PRESSURE BREATHING 

One of the protective mechanisms which can 
be utilized to maintain the alveolar pOs is 
the administration of 100 per cent oxygen. 
Man can ascend to an altitude of 33,700 feet 
breathing 100 per cent oxygen and still maintain 
a normal alveolar pO: of 103 mm. Hg. Above 
this altitude, respiratory and circulatory adap- 
tations are necessary in order to provide ade- 
quate transport of oxygen to the tissues. As a 
further protective device, controlled positive 
pressure breathing of oxygen may be utilized. 
This provides pressure artificially, which would 
ordinarily be present because of atmospheric 
pressure at ground level. ‘This, in turn, results 
in elevation of the alveolar pOsg. 

Under normal circumstances, both the sys- 
temic and pulmonary circulation are exposed 
to the same external pressure of 760 mm. Hg 
at ground level. When the pressure applied 
to the pulmonary circulation is unequal to 
external pressure applied to the body or sys- 
temic circulation, the mechanics of circulation 
may be profoundly altered to the point of 
serious disability. Usually if the pressure 
applied to the alveolus and the pulmonary 
circulation does not exceed the pressure applied 
to the external surface of the body by more 
than 10 mm. Hg, no particular adverse effects 
are caused. If the difference in pressure is 
15 to 20 mm. Hg or greater, obstruction of 
the venous return to the heart occurs. There 
will be a diminution in the blood flow to the 
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A, pressure breathing inhibits return of blood to the left heart. 


B, external pres- 
sure on the body with a g suit displaces the circulating blood volume to the pulmonary 
vascular compartment. 


lungs and a fall in systemic pressure may occur. 
The peripheral arterial circulation must con- 
tract in order to maintain adequate blood flow 
to the vital centers. When the disproportion 
between pressure applied to the pulmonary 
circulation and the pressure applied to the 
peripheral circulation reaches the magnitude 
of 50 to 60 mm. Hg, circulatory collapse will 
occur (Fig. 2). 

Electrocardiographic Changes: Early in the 
investigation of the influence of pressure breath- 
ing on the circulatory system, electrocardio- 
graphic alterations were noted. German scien- 
tists interpreted T wave changes noted in the 
electrocardiogram as indicative of relative coro- 
nary insufficiency secondary to altered hemody- 
namics. Because of this observation, the 
German pilot of World War 1 was not commonly 
equipped with pressure breathing equipment. 
It was thought that the additional altitude which 
was to be gained by this mechanism was not 
worth the added danger imposed upon the 
circulatory system. 

Vagal Reflexes: Powerful reflexes may be 
initiated through simple respiratory mechanics. 
Stimulation of the lungs may result in sec- 
ondary vagal responses with cardiac inhibition 
and vasodepressor responses. Their occurrence 
may be due to receptors from the lung itself 
with afferent fibers extending into the vasomotor 
and cardio-inhibitory centers or there may be 
intermediate factors such as reflexes with affer- 
ent fibers within the heart which are stimulated 
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as a result of changes in the mechanical filling 
of the heart chambers. Whether one or both 
of these mechanisms are involved, the result is 
the same; stimulation of the pulmonary tree 
through positive pressure breathing, breath- 
holding and other breathing maneuvers may 
result in significant changes in cardiovascular 
reflex mechanisms. 

Changes in Blood Volume: Still another ef- 
fect of positive pressure breathing is the change 
in the available circulating volume of blood. 
Prolonged pressure breathing will result in 
increased pressure against the venous return to 
the heart, resulting in pooling of the circulation 
in the dependent portions of the body. This 
eventually leads to significant displacement of 
fluid volume from the vascular bed to the ex- 
travascular spaces. One of the protective 
mechanisms which may be utilized to combat 
adverse reactions to positive pressure breathing 
is the g suit. With its use, external pressure 
may also be applied to the body as well as to 
the pulmonary circulation. When a helmet 
and pressure suit are combined, the unit 
provides a closed pressure system with equal 
pressure applied to both the pulmonary and 
systemic circulation. With such protective 


equipment, the environment within the suit, 
not the external altitude, is the important factor. 
Such a suit protects the human occupant and 
his circulatory system from adverse reactions to 
otherwise intolerable environments. 


DECREASED AMBIENT PRESSURE 


At ground level we are exposed to a constant 
pressure of 760 mm. Hg, or atmospheric pres- 
sure. This pressure diminishes on exposure to 
altitude. By inhaling 100 per cent oxygen, 
the influence of hypoxia can be obviated up to 
altitudes of 33,700 feet. The only significant 
alteration in environment becomes a decrease 
in ambient pressure. Below altitudes of 27,000 
to 30,000 feet, this has little or no effect on the 
circulation. When the pressure is decreased 
to the point that nitrogen fails to remain in 
solution within the blood stream and other 
tissues, adverse responses occur. These are 
not limited to the circulatory system, but may 
affect any portion of the body. When the cen- 
tral nervous system is involved, cardiovascular 
reflexes may alter circulatory dynamics similar 
to the bradycardia sometimes seen in cerebral 
vascular accidents. Direct impairment of cir- 
culation to any of the organs owing to release of 
gases from solution may produce local symp- 


toms; as an example, pulmonary involvement 
is associated with chest pain and coughing. 
Pain from any source due to local formation of 
gas may induce vasomotor collapse just as may 
occur with pain from any other cause. 

For the aforementioned reasons, the influence 
of decreased barometric pressure on the circu- 
latory system in the absence of cardiovascular 
complications has received little attention. 
Studies indicate that below an altitude of 30,000 
feet in the absence of release of dissolved gases, 
circulatory dynamics, orthostatic tolerance and 
the electrocardiogram remain unaltered.'®"! 


INFLUENCE OF G FORCES 


Exposure of the human subject to increased 
g force produces adverse effects to a large extent 
by affecting circulatory dynamics. The effects 
of g force on the circulatory system depend on 
the relation of body position to direction of 
application of force. On Earth, when man is 
standing upright, his body is under the influence 
of 1 g, acting parallel to the spine and directed 
downward. This force of 1 g is responsible 
for body weight and the weight of the column 
of blood in the aorta and other vessels. The 
influence of gravity aids flow of blood down the 
aorta and to all regions below the level of the 
aortic valve; it impedes the flow of blood up- 
ward toward the head. The pressure created 
by systolic contraction results in a greater per- 
fusion pressure in the lower extremities than in 
the brain. 

Effect of Increased G Loads on Brain and Eye 
Perfusion Pressures: The effect of the weight of 
the blood column upon blood pressure can best 
be understood by a simplified mechanical 
analogy. Let us assume that the blood pressure 
at the aortic valve is 124/84 mm. Hg, and the 
distance between the aortic valve and the base 
of the skull is 30 cm. (Fig. 3). A column of 
blood 30 cm. high will exert a pressure of 24 
mm. Hg under the influence of 1 g. In our 
analogy the perfusion pressure at the base of 
the skull will only be 100/60 mm. Hg (124/84 
— 24 mm. Hg). The eye has an average 
internal pressure of 30 mm. Hg; thus an ar- 
terial pressure of over 30 mm. Hg at eye level 
is necessary to establish a pressure gradient 
permitting perfusion of the fundi. The pres- 
sure gradient for the eye in the example is only 
70/30 mm. Hg (100/60 — 30 mm. Hg). 

In aerospace flight, it is common to expose 
the aviator to acceleration force which acts as 
g force. This is especially common in combat 
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affected by g force with the subject in the upright position. 


Ig 29 39 4g 59 
82/42 70/30 46/6 22/- -- -/- 


112/72 100/60 76/36 52/i2 284 4/- 
24mmig 48 72 96 120 


124/84 124/84 124/84 124/84 124/84 124/84 


Perfusion pressure for circulation to the brain and eye is markedly 


The change in 


perfusion pressure with differing amounts of g force is depicted above. Note 
that during zero g the column of blood is weightless; thus one expects a greater 
perfusion pressure to the head when orbital velocity is reached during space 


flight. 


maneuvers and will be a major stress in future 
rocket flight. Acceleration increases g load 
in excess of the force encountered at ground 
level, which affects the mechanics of circula- 
tion to the point of circulatory collapse. Utiliz- 
ing the mechanical analogy one can see how 
g forces produce symptoms by their effects on 
the circulation. With the upright subject 
exposed to a 2 g force, the weight of the 30 
cm. blood column will be doubled and it will 
exert a pressure of 48 mm. Hg. The pressure 
gradient for perfusion of the brain drops to 
76/36 mm. Hg (124/84 — 48 mm. Hg). The 
perfusion pressure for the eye is 46/6 mm. Hg 
(76/36 — 30 mm. Hg). 

As the g load is increased to 3 g, the pressure 
exerted by the column of blood between the 
heart and the brain is increased to 72 mm. 
Hg (24 mm. Hg X 3). The perfusion pres- 
sure for the brain falls to 52/12 mm. Hg (124/ 
84 — 72 mm. Hg) and as low as 22/ — mm. 
Hg (52/12 — 30 mm. Hg) for the eye. Per- 
fusion of the eye is totally dependent on systolic 
pressure, and the threshold of visual disturb- 
ances, secondary to altered circulatory dy- 
namics, is approached. 

Under the influence of 4 g, the pressure ex- 
erted by the brain-to-heart blood column is 96 
mm. Hg. The eyes are no longer perfused with 
blood and the pressure gradient for perfusion of 
the brain drops to 28 mm. Hg during systole. 

This simple mechanical analogy explains 
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how failure of the circulatory system is respon- 
sible for the visual reactions to excess g load. 
Visual tolerance to g load is usually below 4 g. 
The peripheral area of the retina is naturally 
the most distal area to perfuse and it is af- 
fected first, resulting in loss of peripheral vision. 
This is followed by loss of central vision, 
although the subject maintains consciousness. 

At a level of 5 g, the heart-to-brain blood 
column exerts a pressure of 120 mm. Hg. 
To maintain consciousness, blood pressure at 
the level of the heart must be in excess of 120 
mm. Hg. 

By using this same mechanical analogy one 
may appreciate the direction of changes which 
may be encountered during space flights and 
on arrival at other planets. Once the vehicle 
has reached orbital velocity, and the weightless 
state occurs, the column of blood between the 
heart and brain will exert no pressure, even in 
the upright position. This will result tem- 
porarily in an increased distribution of blood to 
the brain, and a low grade carotid sinus stimula- 
tion. At arrival on the Moon, man will be 
exposed to a gravitational field of one-sixth 
that of Earth. The difference in pressure be- 
tween the heart and the brain drops to approxi- 
mately 4mm. Hg. Increased blood flow to the 
upper portion of the body will probably result 
in relaxation of reflex peripheral vascular tone 
to maintain normal distribution of blood volume. 

This illustration is a simple mechanical 
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analogy and considerable individual variation 
exists. The short squat person is more re- 
sistant to the circulatory effects of g load, 
since the heart-to-brain blood column is shorter. 
Various maneuvers designed to decrease exces- 
sive flow of blood to the lower portion of the 
body protect against deficient circulation to 
the brain. Circulatory dynamics are usually 
adequate to maintain function for several 
minutes at levels of 3.5 g. At a level of 5 to 
6 g, human tolerance is usually less than one 
minute. Since the various tissue cells have 
adequate oxygen scores within the cell to main- 
tain function for very short periods of time, the 
human body is able to withstand a very large 
g force for a very short duration of time, usually 
less than two seconds. 

The critical factors of circulatory perfusion 
of the vital organs become even more important 
as the speed of aerospace vehicles is increased. 
Maneuverability at high speeds is ofttimes a 
desirable military objective. During maneuvers, 
the amount of g load applied to the human sub- 
ject will be dependent upon the velocity squared 
divided by the radius turn of the vehicle. At 
Mach 1 or velocity of sound, in order not 
to exceed 10 g, the loop for a turn must involve 
a change in altitude of 10,000 feet. 

The amount of g load encountered in German 
fighter craft was determined in World War un 
and in usual flight patterns, 4.5 to 5 g were sus- 
tained for periods of three to five seconds during 
combat maneuvers. These are usually within 
tolerable limits. However, g loads greater 
than this occur not infrequently during acro- 
batic maneuvers and modern aircraft utilized 
for these purposes are capable of withstand- 
ing much greater g force than the human 
occupant. It should be equally obvious, par- 
ticularly in the non-military situation, that air- 
craft which cannot pull g loads of the magni- 
tudes discussed herein present no major hazard 
to the normal circulatory system. 

Effects of Cardiovascular Diseases: When one 
considers the mechanics involved in increased 
g load, it is easy to see why a number of car- 
diovascular diseases present undesirable cir- 
cumstances to cope with the change in cardio- 
vascular dynamics. To illustrate, aortic stenosis, 
in which the pulse pressure is relatively small, 
may not provide sufficient blood pressure for 
adequate perfusion pressure to the brain. 


Aortic insufficiency, with its marked drop in dias- 
tolic pressure provides an even lower threshold 
for diastolic perfusion of the brain. 


As the 
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weight of the column of blood increases dias- 
tolic regurgitation is increased, creating all its 
complications. Even small amounts of aortic 
valvular insufficiency may become significant 
under increased g load. The increased diastolic 
overloading further compromises other physio- 
logic adjustments normally needed to adapt to 
increased g load. The adverse effect of coronary 
artery disease is still another defect which can com- 
promise g tolerance. When cardiac work is in- 
creased in the face of diminished cardiac output 
under g load, relative coronary insufficiency may 
occur. Anatomic studies have demonstrated 
this to be a fact.” 

In the normal subject the blood pressure will 
be maintained at the level of the heart under g 
loads of less than 5 g per fifty seconds. Little in- 
vestigation has been carried out concerning the 
level of the blood pressure which might be en- 
countered in the presence of the various cardiac 
diseases mentioned. Usually at the onset of in- 
creased g force, there is a drop in pressure within 
two seconds at the level of the carotid artery. At 
nine to twenty seconds following the onset of g 
load, a period of recovery occurs. This is due to 
the reflex response of pressor sensitive reflexes 
which augment peripheral resistance. If the g 
load becomes too great, collapse due to overstress 
occurs which in effect means that the weight of 
the column of blood reaches such a level that 
the heart is no longer able to pump effectively 
and circulatory collapse ensues. Collapse due 
to overstress causes severe circulatory alterations 
and a prolonged period of time is required for 
recovery. 

Other Circulatory Adaptations to Increased G Load: 
There are a number of other circulatory adapta- 
tions which occur under g load with the subject 
upright. The blood flow to the apices of the 
lungs is markedly diminished and the apex re- 
gions appear translucent on roentgenograms 
taken during g load. The redistribution of pul- 
monary blood augments the available venous re- 
turn to the heart, but at the same time it di- 
minishes perfusion to a portion of the lung field 
ordinarily utilized for respiration.” 

Under normal circumstances, the left ventricle 
does not empty completely during systole. As 
the work of the heart is increased under g load, 
systolic emptying becomes more complete and 
literally no blood remains in the left ventricular 
chamber at the end of systole. The volume of 
the left ventricle:is likewise contracted. In es- 
sence, this represents a more efficient utilization 
of the volume of blood present in the systemic 
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arterial circulation. The decrease in the amount 
of blood in the upper extremities and the apices 
of the lung and the contraction of the size of the 
left ventricle are factors which aid the circula- 
tory system in maintaining normal blood pres- 
sure at the level of the heart, as well as supplying 
blood to the vital centers. 

As increased g force is discontinued and the 
period of vagal slowing occurs, or if g force is dis- 
continued by achieving a near weightless state, a 
redistribution of blood occurs. The heart be- 
comes markedly dilated with expansion of the 
left ventricle and the pulmonary blood supply 
to the vascular bed is markedly increased, result- 
ing in pulmonary engorgement.” 

Increased g force results in a greater intravas- 
cular pressure in the dependent portions of the 
body. This, in turn, causes an increase in the 
pressure gradient responsible for a diffusion of 
fluid out of the vascular bed into the extravascu- 
lar compartment. It is more difficult for fluid 
to return to the circulating blood volume at the 
venous portion of the capillary bed. These ef- 
fects result in the accumulation of extravascular 
fluid with formation of edema and a decrease in 
the circulating blood volume. 

Changes in Peripheral Resistance: To maintain 
adequate circulatory dynamics at ground level, it 
is essential that peripheral vascular tone be 
maintained when the upright position is as- 
sumed. Without adequate vascular tone, the 
weight of the blood stream will result in excessive 
pooling of blood in the dependent portion of the 
body and an inadequate distribution of blood to 
the brain. This is called orthostatic intolerance, 
or simply, intolerance to a force of 1 g. A com- 
mon clinical example is orthostatic intolerance 
after sympathectomy. 

When g force is increased, reflex control of 
peripheral resistance is essential to maintain ade- 
quate perfusion of the brain. As human toler- 
ance to g load is exceeded, the ability to contract 
the peripheral vascular bed by reflex control is 
exceeded. Anything which diminishes reflex 
control of peripheral resistance decreases g tol- 
erance. It is obvious that anyone taking sympa- 
thetic blocking agents cannot be expected to 
have normal tolerance to g load, and cannot per- 
form in military aircraft expected to carry 
out combat maneuvers. Similarly, heat, early 
stages of hypoxia and other stresses added to 
exposure to increased g force decrease g toler- 
ance, 

Changes in Cardiac Rhythm: In addition to the 
simple mechanical influences of increased g 
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Fic. 4. The upper graph depicts the effects of increas- 
ing g load on the pulse rate. The top curve indicates 
the pulse rate which increases as g load increases. Ata 
peak of 4.5 g (indicated by the lower curve) the pulse 
rate reaches approximately 180 beats per minute. The 
time from the onset of increasing g load is indicated at 
the bottom of the graph. The peak of the accelerated 
(sympathetic) phase occurs seventy seconds after the 
gradual onset of increased g load. After this time in- 
terval as g load is gradually diminished (the coasting 
phase of the centrifuge) a precipitous fall in pulse rate 
occurs to approximately 40 beats per minute. This is the 
vagal rebound phase following the accelerated or sym- 
pathetic phase. In the lower graph the same subject is 
exposed to hypoxia (breathing 8.7 per cent oxygen gas 
mixture) and increasing g load. The pulse rate is rapid 
at the onset of the centrifuge run. As indicated by the 
pulse curve a precipitous fall in heart rate occurs shortly 
before the peak of g load (3 g in this case) is reached. 
The procedure was terminated. The black area under 
the lower curve as g load was diminished indicates loss 
of consciousness. The secondary rise in pulse rate is a 
second period of predominate sympathetic influences 
following the preceding vagal period of collapse due to 
bradycardia. This figure is adapted from the work of 
Gauer."* 


force, profound changes in cardiac rhythm in 
normal subjects have been observed. As the 
stress is increased, there is an increase in heart 
rate. This is the sympathetic phase of cardiac 
acceleration. The pulse rate may reach levels of 
160 per minute on exposure to g loads near 4.5 
g. Occasionally, higher rates are noted. When 
the g load begins to decrease, or during the coast- 
ing phase of the human centrifuge, the heart 
rate begins to slow. This is called the period of 
vagal rebound. __In susceptible persons, signifi- 
cant collapse due to bradycardia may occur dur- 
ing this period and immediately after termina- 
tion of excess g load, particularly if the subject is 
not immediately removed from the centrifuge, 
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and permitted motion or other maneuvers that 
normally protect against orthostatic collapse. 
Gauer and Wieckert'® observed marked sinus 
arrhythmia and displacement of the cardiac 
pacemaker to the A-V node and bundle of His. 
Published figures demonstrate ventricular ec- 
topic beats appearing during the phase of 
marked cardiac slowing. 

The marked vagal rebound phase with cardio- 
inhibitory response represents a great increase 
in vagal tonus following the sympathetic phase 
when vagal tone was almost non-existent. Ac- 
companying features of increased vagal tonus 
other than circulatory disturbances may occur; 
e.g., nausea and hypoglycemia. 

When hypoxia is superimposed on exposure to 
increased g load, adverse responses occur much 
earlier.'"6 Collapse due to bradycardia may 
occur below 3.5 g. This collapse, not the me- 
chanical aspects of g load, may in this case 
precipitate loss of consciousness (Fig. 4). 

Effect of Body Position: In contrast, in the 
influence of g force with the subject in the up- 
right position, the distribution of blood to the 
central nervous system is markedly increased if 
the human subject is exposed to negative g. 


An example of negative g occurs if a man is 
accelerated upward with the head down, when 
a large volume of blood would be distributed 


into the carotid arteries and the brain. Because 
of the numerous vagal receptors in the carotid 
artery, aortic body and in the central nervous 
system, the human subject does not tolerate well 
even small amounts of g force in this direction. 
For this reason, in aerospace flight it is wise to 
avoid exposure to g force in this direction when- 
ever possible. 

One method of counteracting the adverse 
circulatory responses to g load is to position the 
aviator in the transverse position. In this 
manner, g force is directed perpendicularly to 
the long axis of the body, and large amounts of g 
force can be tolerated. However, when g load 
becomes excessive, respiration becomes difficult 
owing to the pressure against the thoracic cage 
and against the abdomen. Circulatory de- 
ficiency is merely traded for respiratory impair- 
ment. Another type of adverse effect on the 
circulatory system due to g load is reflex action 
induced by pain. As g force is increased, the 
weight of each organ is likewise increased. The 
pull against the viscera and vital organs stimu- 
lates pain receptors which in turn may cause 
vagal responses. 

In order to circumvent the adverse effects of 


g load on the circulatory system expected during 
rocket flight, experimental work has been carried 
out by Clarke et al.” with the subject exposed to 
nearly transverse g load. Subjects were then 
exposed to three successive peaks of g load com- 
parable to what might be expected during the 
three stages of rocket flight to orbital velocity. 
The profiles studied were three successive peaks 
of short duration of 12 g, 10 g and 8 g. The 
subjects were inclined 25 degrees forward 
toward the direction of g force. Peripheral 
vision was lost at levels of 10 g. Tolerance to 
12 g was limited to about five seconds, and to 
10 g about thirty seconds. In this position, it 
appears that most subjects will tolerate a three- 
stage rocket profile utilizing three successive 
peaks of 8 g. 


SPACE FLIGHT 


Since the inception of aerospace flight to its 
present state of evolution, man has constantly 
been required to develop protective mechanisms 
to prevent adverse cardiovascular dynamics 
secondary to the stresses of flight. This has been 
admirably achieved. At each new advance in 
aviation, however, the amount and type of stress 
have been progressively increased. By simple 
reference to the cardiovascular physiologic 
mechanisms involved, one can see the necessity 
for adequate circulatory dynamics and a healthy 
circulatory system as a prerequisite for exposures 
to the type of stresses which are expected to be 
encountered in combat aviation. Other prob- 
lems related to the physiology of the circulatory 
system include venous status, the influence 
of cold, psychic stresses and a host of others, all 
of which have direct effects on the circulatory 
system. 

The influences of prolonged aerospace flight 
on the circulatory system must now be con- 
sidered. . It is in this area that our knowledge is 
most deficient. Whereas we know the levels of 
human tolerance to g force and these can now 
readily be determined on an individual basis 
and whereas we have developed protective 
mechanisms against relative hypoxia and de- 
creased atmospheric pressure, our knowledge 
of the added effects of relative immobility on 
the circulatory system such as may be encoun- 
tered during prolonged space flight is relatively 
limited. Only a small amount of experience 
has been gained as the result of experimental 
work on subjects confined to bed rest. It is 
a well known clinical observation that after 
periods of prolonged bed rest, peripheral vascu- 
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lar resistance is markedly diminished and when 
the patient assumes the upright posture, circu- 
latory collapse may occur. This is the result of 
removing the influence of 1 g normally en- 
countered at sea level and directed parallel to 
the longitudinal axis of the body. In essence, 
rather than being exposed to longitudinal g as a 
daily occurrence, the patient at bed rest is 
exposed to transverse g. 

Stresses During Rocket Launching: 'To outline 
the problem areas which may be anticipated 
as the frontiers of aviation progress to include 
the conquest of space, let us examine the influ- 
ences which might be anticipated from the time 
of rocket launching until return to Earth. It is 
to be expected that a large amount of anticipa- 
tion, or anxiety, will be present in the subject at 
the time launching is to begin. This will 
augment the sympathetic phase of neurogenic 
control of the circulatory system. At the first 
stage of the thrust, relatively large g force will 
be applied to the human subject. During this 
period, cardiac acceleration will be increased. 
It is anticipated that the astronaut will be in such 
a position that the g force will be applied in the 
most advantageous fashion to the circulatory 
system, probably in the transverse direction. 
This, in turn, will produce some impairment of 
respiration. At the end of the first stage of 
flight, g force will be markedly diminished for a 
short period which could permit a vagotonic 
rebound phenomenon to occur. Following this 
period, two more stages of exposure to a rela- 
tively large g load will occur prior to the time 
that orbital velocity is reached. 

Stresses in Outer Space: Assuming that no 
adverse responses occur in the nature of vagal 
rebound phenomenon during either of these 
stages of rocket propulsion, the astronaut will 
arrive in outer space in a relatively weightless 
environment, owing to the relative absence of 
gravitational force. At this point, the successive 
stimuli of g load will have been removed and 
in the absence of even the normal 1 g force, 
redistribution of blood volume may occur. Ina 
susceptible person, such redistribution of blood 
volume may well cause excessive stimulation of 
the carotid sinus mechanism producing signifi- 
cant alterations in cardiovascular reflex mecha- 
nisms. A relative bradycardia should be ex- 
pected as a normal event. 

When the point is reached that a satellite can 
be maintained for prolonged periods of time 
in outer space with adequate protection for 
human life, then the additional problems of pro- 
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longed confinement or relative immobility must 
be considered. At present, we have no experi- 
mental knowledge concerning how rapidly 
normal cardiovascular reflexes designed to com- 
bat g force will lose their effect in a weightless 
state. However, from the simple observation 
of patients at bed rest, it can be assumed that 
after a week’s time in a weightless state the usual 
cardiovascular reflexes which protect a person 
against adverse responses to change in body 
position or other mechanical stresses will have 
lost a great deal of their normal effectiveness. 

Stresses on Return to Earth: As the astronaut 
begins his return journey to Earth, he may find 
that his circulatory system is less able to cope 
with the stresses of living on Earth and, as he is 
exposed to g load, he may find it relatively 
impossible to maintain an upright posture or to 
perform what are normally considered relatively 
simple tasks. After arrival on Earth from a pro- 
longed period of space flight, the astronaut may 
require a period of convalescence to adjust to the 
earth’s environment—-similar to a period of con- 
valescence expected for any person who is hospi- 
talized at bed rest for a prolonged period of time. 

The next large area of research on the physi- 
ologic stresses of aerospace flight on the circula- 
tory system must then direct itself toward ques- 
tions of the influence of the added stress of rela- 
tive immobility on the circulatory system. 
Efforts should be directed toward studying 
means of combating the deleterious effects on the 
circulatory system of the loss of gravitational 
force for any prolonged period of time. Ap- 
proaches to this may well include the creation 
of artificial g force, certain mechanical devices 
or some form of change in the pressure suit that 
will, in effect, constantly stimulate the circula- 
tory system with forces comparable to 1 g as 
normally encountered at ground level. It is not 
anticipated that these will be unsurmountable 
difficulties, but they exemplify once again the 
influence of stresses of aerospace flight even on 
the normal circulatory system. 


SUMMARY 


1. The circulatory system is a_ transport 
mechanism and the work imposed on it must 
consider pulmonary problems as a source of 
supply, the metabolic demands and the hemato- 
logic capability of the blood stream to carry 
oxygen. All these considerations as well as the 
heart and blood vessels must be considered in 
evaluating circulatory responses to the stresses 
of aerospace flight. 
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2. Many of the circulatory responses to the 
stresses of flight are dependent on reflex con- 
trol. The simple basic reflex mechanisms are 
discussed. 

3. Hypoxia is a common stress encountered in 
aviation due to exposure to altitude. Heart 
muscle is unique in its metabolism and is rela- 
tively resistant to hypoxia. By contrast, as- 
phyxia, which means retention of carbon dioxide 
as well as lack of oxygen, is poorly tolerated 
by the myocardium. Coronary insufficiency is 
akin to asphyxia, rather than to hypoxia. The 
mechanics of altered cardiovascular function in 
hypoxia are discussed as well as certain reflex 
responses. 

4. Explosive decompression or acute anoxia 
is accompanied by loss of consciousness after 
a short period of time. The time lag is largely 
dependent on circulation time between the 
heart and brain. This time interval is called 
the time of consciousness. 

5. Positive pressure breathing inhibits venous 
return to the left ventricle and changes the dis- 
tribution of blood volume. The pressure suit 
combined with positive pressure breathing tends 
to create more normal distribution of circulating 
blood volume and creates a closed environment 
for the occupant. The influence of pressure 
breathing on the dynamics and reflex behavior of 
circulation is discussed. 

6. Decreased atmospheric pressure alone has 
little effect upon circulation unless true decom- 
pression sickness (dysbarism) occurs. 

7. Increased g force commonly encountered 
in aerial maneuvers affects the mechanics of the 
circulation by changing the normal blood 
pressure relations between heart level and other 
parts of the body. These mechanical influences 
are responsible for losses of vision and conscious- 
ness encountered in the presence of large g loads. 
The influence of weightless conditions on blood 
pressure during space flight at orbital velocity 
can be predicted by analogy of mechanical 
principles. The direction of initial changes in 
blood pressure in the upright human subject 
on Mars, the Moon and other planets can also 
be predicted. The best body position for maxi- 
mum tolerance to increased g load is largely 
dependent upon mechanical factors. 

8. Marked changes in cardiac rhythm as con- 
trolled by reflex mechanisms are encountered 
during the stress from increased g load and 


immediately following exposure to increased g 
load. These are discussed in detail. 

9. The effects on cardiovascular dynamics of 
space flight and the importance of maintaining 
antigravity reflexes during a prolonged period 
of weightlessness are discussed. 
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INCE the establishment of the Aerospace 
Pathology Branch of the Armed Forces 
Institute of Pathology in 1956, it has been shown 
that autopsies performed on the crew members 
in aircraft disasters can be an aid in determina- 
tion of the cause and sequence of events in such 
accidents. Furthermore, detailed pathologic 
examination of the bodies of the crewmen pre- 
sents an unusual opportunity to study the in- 
cidence and progression of pathologic processes 
in a supposedly “‘normal”’ population. Autopsy 
findings in military flying personnel are par- 
ticularly valuable in that these men are under 
constant medical supervision and are considered 
to be clinically in excellent health at the time of 
their death in an aircraft accident. This is in 
contrast to hospital populations, on which most 
autopsy reports of the incidence of disease are 
based. The study presented here of cardio- 
vascular disease in flying personnel shows that 
there is a significant incidence of moderate or 
marked coronary artery atherosclerosis in this 
group but that arteriosclerosis of other vessels has 
not progressed to such a degree. A parallel 
study made on healthy non-flying military per- 
sonnel of approximately the same age group 
shows similar results. 

Flying personnel in the United States Air 
Force undergo an exacting and thorough physi- 
cal examination at the beginning of their flying 
career. This includes an electrocardiogram 
that is used for immediate evaluation and is then 
kept in a central repository for future reference. 
These pilots undergo an annual physical exami- 
nation, which includes an electrocardiogram 
after the age of forty. The physical examina- 
tion program is the same for aviators in the 
Army and Navy except that in the Army elec- 
trocardiograms are required annually regardless 


of age, and in the Navy there is an electro- 
cardiogram annually after the age of forty-five if 
indicated. The physical standards which must 
be met to remain on flying status are strict. 

Over 600 flying personnel are killed in mili- 
tary aircraft accidents annually in the United 
States. By regulation, autopsies are performed 
on these personnel. Protocols and tissues are 
forwarded to the Armed Forces Institute of 
Pathology (AFIP) for review and evaluation. 
While this material has the advantages enumer- 
ated, it has certain disadvantages. The high 
impact forces of deceleration cause marked 
fragmentation of many bodies. The autopsies 
are performed by different prosectors with a 
wide variety of skill and interest. The present 
study on the cardiovascular system was made 
entirely on the basis of gross descriptions, tissue 
sections and microscopic slides submitted by the 
pathologist in the field. It is realized that this 
imposes serious limitations on the evaluation of 
our data, as arteriosclerosis is a disease with ir- 
regular distribution, and in the majority of our 
subjects only one or two sections of coronary 
artery were available for review. Although we 
may be certain of the presence of the disease, we 
do not know the extent of the process in other 
portions of the same vessel. In subjects showing 
no change or minimal change we are uncertain 
as to the extent of the disease elsewhere in the 
same body. Further studies are planned in 
which whole hearts and aortas from aircraft 
accident fatalities will be sent to the AFIP for 
detailed gross and microscopic examination, 
with correlation with the electrocardiograms 
from the repository at the School of Aviation 
Medicine, USAF. 

As used in this paper the term arteriosclerosis 
is inclusive for diseases of the arteries which pro- 


* From the Aerospace Pathology Branch, Armed Forces Institute of Pathology, Washington, D. C. 
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TABLE I 
Incidence of Coronary Artery Atherosclerosis in Military 
Flying Personnel 
(Aircraft Accident Fatalities )* 


Per Cent of 
Total with 
Moderate 

and Marked 
Coronary 
Sclerosis 


| Per Cent of 
Total with 
Coronary 


Sclerosis 


Age Group | | 
(yr.) | | 


Age unknown 


All ages | 222 


* Extracted from data of Glantz and Stembridge.' 
f Includes one nineteen year old. 


duce thickening of the arterial wall. Athero- 
sclerosis is considered to be that type of arterio- 
sclerosis characterized by a predominantly in- 
timal thickening which contains both lipid and 
fibrous components. 

Glantz and Stembridge' reported the in- 
cidence of coronary artery atherosclerosis in 
military aviators from the records at the AFIP 
through 1957. From 222 fatalities in which 
adequate material was available for review, 
they examined microscopically sections of the 
heart and coronary arteries. The age range of 
this group was from nineteen to forty-three; 
64 per cent of the subjects were between the ages 
of twenty and thirty. This closely parallels the 
age distribution of flying personnel in the Air 
Force in 1956. Table 1, extracted from their 
data, shows that in 70 per cent of the fatalities 
some degree of coronary artery atherosclerosis 
was demonstrable and in 21 per cent it was 
of moderate or marked degree. Classification of 
the degree of sclerosis was based on the extent of 
luminal narrowing, as shown in Figures 1, 2 and 
3. Focal thickenings of the intima that cause 
only slight narrowing of the lumen are classed as 
minimal. A more pronounced involvement of 
the intima causing a diminution of the lumen of 
from 25 to 75 per cent is considered as moderate, 
and a loss of lumen of more than 75 per cent is 
classed as marked coronary artery atherosclero- 
sis. 

By careful dissection of the coronary arteries, 
Enos, Holmes and Beyer? found gross evidence of 
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Fic. 1. Photomicrograph showing minimal coronary 
artery atherosclerosis. Hematoxylin and eosin stain. 
Original magnification X 13. 


Fic. 2. Photomicrograph showing moderate coronary 
artery atherosclerosis. Hematoxylin and eosin stain. 
Original magnification X 14. 


Fic. 3. Photomicrograph showing marked coronary 


artery atherosclerosis. Hematoxylin and eosin stain. 
Original magnification X 12. 
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TABLE I 


Incidence of Coronary Artery Atherosclerosis in 
Non-flying Military Personnel 


(Accidental Deaths) 


TABLE IV 


21 


Percentages of Accident Fatalities Having Any Degree 
of Coronary Sclerosis, by Age 


Per Cent of | Per Cent of 
Total with | Total with 
Age Group Total Coronary Moderate 
(yr.) No. Sclerosis | and Marked 
of Any Coronary 
Degree Sclerosis 
17-19 11 45 18 
20-24 90 58 13 
25-29 30 73 20 
30-34 18 72 28 
35-39 8 62 25 
40-44 6 100 33 
45-47 2 100 0 
Age unknown 2 50 50 
All ages | 167 64 18 


coronary arteriosclerosis in 77.3 per cent of 
autopsies performed on 300 United States 
soldiers killed in action in Korea. This is in 
close agreement with the over-all incidence of 
70 per cent reported by Glantz and Stembridge, 
even though the average age of the Korean 
casualties was 22.1 years as compared with the 
average of twenty-eight years in the flying per- 
sonnel. 


MATERIAL AND METHODS 


A study was undertaken to determine whether or 
not there is a significant difference between the inci- 
dence and severity of coronary artery sclerosis in 
flying personnel and that in non-flying personnel. 
This was accomplished by examining records of 


TABLE III 
Ages of Accident Fatalities by Flying Status 


Flying Non-flying 
Personnel Personnel 
Age 
(yr.) 
” No. of Per No. of Per 
Cases Cent Cases Cent 
Under 20 2 1 11 7 
20-24 64 31 90 54 
25-29 65 32 30 18 
30-34 34 16 18 11 
35-39 35 17 8 5 
40 and over 6 3 8 5 
Total 206 100 165 100 
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Flying Non-flying 
Personnel Personnel 
Age 
(yr.) Per Per 
Total Cent Total Cent 
No. with No. with 
Sclerosis Sclerosis 

Under 20 2 50 11 45 
20-24 64 70 90 58 
25-29 65 65 30 73 
30-34 34 79 18 72 
35-39 35 77 8 62 
40 and over 6 50 8 100 
Total 206 70 165 64 


military personnel who were not fliers but who were 
of the same age group as the aviators. These records 
were selected from the files of the Forensic Pathology 
Branch of the AFIP. With two exceptions, they 
were men on active duty with one of the military 
services (predominantly Army) of the United States. 
All these men met with accidental death, mainly the 
result of an automobile accident. In selecting a 
group that was closely comparable to the group of air- 
craft accident fatalities, the criteria for inclusion in 
the study were: (1) age less than fifty years; (2) 
freedom from any known significant clinical illness 
(specifically, illness that would have precluded flying 
status); (3) death the result of an accident, either 
instantaneously or within twenty-four hours of the 
time of the accident; and (4) availability of at least 
one adequate section of a major coronary artery. 


RESULTS 


INCIDENCE AND SEVERITY OF CORONARY 
ATHEROSCLEROSIS 


One hundred sixty-seven cases were found 
that fulfilled these criteria. The subjects ranged 
in age from seventeen to forty-seven years, with 
an average age of twenty-five. Of these, 106, or 
64 per cent, had some degree of coronary artery 
atherosclerosis. The incidence by age groups is 
shown in Table n. 

It should be noted that in these studies the 
flying personnel as a group are significantly older 
than the non-flying personnel as a group (Table 
m1). This age difference, plus a lack of knowl- 
edge of the actual amount of flying done by the 
flying personnel, and of the duties, diet and 
hereditary background of. all personnel, in- 
dicates that these two groups are not truly com- 
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TABLE V 


Percentages of Accident Fatalities with Sclerosis in 
Which Degree Was Moderate or Marked, by Age 


Non-flying 
Personnel 


Flying 
Personnel 


| 


Per | \ Pe 
| Total Cent Total | Cent 
| No. with with 
with Moder- Moder- 
Sidionale ate and ate and 
Marked Marked 
Sclerosis Sclerosis 


with 
Sclerosis 


Under 20 
20-24 
25-29 
30-34 
35-39 

40 and over 


Total 


parable for purposes of study as a single group. 
Thus, no definite conclusion can be drawn con- 
cerning the relation of flying to the incidence and 
severity of coronary artery atherosclerosis. 

The incidence of coronary atherosclerosis of 
any degree and of moderate and marked degree 


in corresponding age groups of flying and non- 
flying military personnel is compared in Tables 
1v and v. The proportions of fliers and non- 
fliers having moderate or marked coronary 
sclerosis are approximately equal, regardless of 
age. 


TABLE VI 
Distribution of Arteriosclerosis in Forty-Four Cases of 
Moderate or Marked Coronary Artery Atherosclerosis* 
(Military Flying Personnel) 


No. Incidence and Severity 


with 
Slides Mini- 
Avail- mal ate 


able (%) | (%) 


Moder- 


Kidney 
Arcuate and in- 
terlobular 
arteries 
Aorta 
Periadrenal 
arteries 
Small arteries of 
pancreas 


* Forty-four cases, with 57 per cent having moderate, and 43 per 
cent having marked, sclerosis, 

+t Nephrosclerosis of minimal degree was found in 10 per cent; 
none was found in the remainder. 


TABLE VII 
Distribution of Arteriosclerosis in Thirty Cases of 
Moderate or Marked Coronary Artery Atherosclerosis* 
(Non-flying Military Personnel) 


Incidence and Severity 


Mini- Moder- 
mal ate 


(%) (%) 


Kidney 
Arcuate and in- 

terlobular 
arteries 

Aorta 

Periadrenal 
arteries 

Small arteries of 
pancreas 


* Thirty cases, with 70 per cent having moderate, and 30 per cent 
having marked, sclerosis. 

+t Nephrosclerosis of minimal degree was found in 10 per cent; 
none was found in the remainder. 


ARTERIOSCLEROSIS IN OTHER ORGANS IN SUBJECTS 
WITH CORONARY ARTERY ATHEROSCLEROSIS 


The interest stimulated by the papers of Enos 
and Glantz prompted inquiry about the degree 
of development of arteriosclerosis in vessels in 
other organs in younger people with significant 
coronary artery disease. 

A series of records from fatalities due to air- 
craft accidents that showed moderate or marked 
coronary artery atherosclerosis, and in which 
there was at least one section of kidney and/or 
aorta available for study, were reviewed. This 
requirement for selecting cases is obviously a 
bare minimum; however, the factors peculiar to 
the autopsies of personnel killed in aircraft 
accidents, including the lack of certain tissues 
due to the destructive effects of impact, pre- 
cluded a more extensive survey. For example, 
very few subjects had an adequate description or 
sections of the cerebral vessels available. The 
findings from this study are shown in Table 
vi. The ages of the aviators in this study ranged 
from twenty to forty-nine years, with an average 
age of twenty-eight years. 

A similar study was carried out on subjects 
with moderate or marked coronary sclerosis 
among non-flying military personnel. ‘The 
distribution and incidence of arteriosclerosis in 
other organs as shown in Table vu are nearly the 
same as those noted in the corresponding group 
of fliers. 

Aorta: In approximately half the records in 
which slides of the aorta were present, there were 
also gross descriptions of the aorta. These de- 
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(yr) | | | 
| 29+ 59 34 7 | 0 
ay | 17 12 66 22 0 
1 5 40 23 96 4 
45 20 52 | 23 
| 15 93 7 0 | 0 
42 | 
27 41 | 
a 145 30 105 | 28 3 
Site 
| Marked 
| (%) 
27 11 85 4 } 0 3 
26 92 8 0 0 : 
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Fic. 4. Photomicrograph showing minimal athero- 
sclerosis of coronary artery illustrating predominantly 
fibrous character. Hematoxylin and eosin stain. 
Original magnification X 305. 


scriptions either agreed with the microscopic 
findings or stated that there was no athero- 
sclerosis, when microscopic study showed a 
minimal degree. In general, the picture of the 
minimal lesion in the aorta is one of intimal 
thickening due to accumulation of lipid laden 
macrophages and an increase of metachromatic 
intimal ground substance. In contrast, the 
minimal thickening of the intima of the coronary 
arteries appears to be predominantly fibrous in 
nature (Figs. 4 and 5). 

Kidneys: Sclerosis of renal arterioles was 
occasionally noted. This finding was not in- 
cluded in Tables v1 and vu, however, because 
the degree of involvement was so minimal that 
consistent estimates of incidence could not be 
made. 

Relation of Coronary and Generalized Arterio- 
sclerosis: As early as 1896 Dock® stated that 
severe coronary artery disease could be found 
in rare cases in the absence of significant athero- 
sclerosis in other arteries. However, Duff* 
stated that atherosclerosis of the coronary ar- 
teries generally develops later and is less severe 
than that in the aorta, but that it is not uncom- 
mon to see severe coronary artery disease in the 
presence of relatively slight atherosclerosis of 
the aorta. Ina series of autopsies performed on 
men under forty years of age who died from the 
effects of coronary artery disease, Yater et al. 
‘ound that the amount of atherosclerosis of the 
aorta was slight or moderate in comparison to 
the degree of sclerosis in the coronary arteries. 
As a result of our study, we are in agreement with 
Yater that coronary artery atherosclerosis in 
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Fic. 5. 


Photomicrograph showing minimal athero- 
sclerosis of aorta with accumulation of lipophages and 
increase of metachromatic intimal ground substance. 


Hematoxylin and ecsin stain. Original magnification 


X 220. 


younger persons may be an independent process 
and not necessarily a part of generalized arterio- 
sclerosis. 


CORRELATION OF CORONARY ARTERY 
ATHEROSCLEROSIS WITH THE CAUSE 
OF AIRCRAFT ACCIDENTS 


The correlation of the finding of marked coro- 
nary artery disease with other factors in de- 
termining the cause of an accident is sometimes a 
difficult problem. Unfortunately, the patho- 
logic-anatomic changes of sudden death are 
often not clear-cut, and many phvsicians do not 
realize that in up to 75 per cent of the cases of 
sudden death clinically attributed to coronary 
occlusion, there is no demonstrable thrombus 
but only a marked narrowing due to athero- 
sclerosis.6 In a few instances there may be an 
old thrombus or a hemorrhage into an intimal 
plaque. 

The following case reports illustrate the type 
of problems encountered. 


Case 1. A thirty-four year old pilot (AFIP Acc. No. 
870232) was ejected at low altitude after the wing 
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Fic. 6. Case 2. Photomicrograph of coronary artery 
with marked atherosclerosis. Hematoxylin and eosin 
stain. Original magnification X 20. 


of his F9F jet aircraft folded at approximately 1,400 
feet. He died instantly as a result of abrupt de- 
celeration on impact with the ground. 

At autopsy, severe coronary artery atherosclerosis 
was found. There was no evidence of infarction or 
fibrosis of the myocardium. It is clear in this instance 
that the coronary artery disease was unrelated to the 
accident. However, had the circumstances of the 
accident not been known, the question of physiologic 
incapacitation of the pilot secondary to sudden 
coronary insufficiency could well have been raised. 


Case 2. A twenty-six year old pilot (AFIP Acc. 
No. 914057), flying an FJ-4B aircraft, was in a flight 
of two aircraft entering an airfield landing pattern. 
The tower instructed them to turn on their lights. 
Following this the pilot allowed his plane to get 


Fic. 7. Case 2. Photomicrograph of heart showing 
fibrosis of myocardium. Hematoxylin and eosin stain. 
Original magnification X 35. 


Fic. 8. Case 3. Photomicrograph of coronary artery 
showing marked atherosclerosis with necrotic, vascu- 
larized atheroma. Hematoxylin and eosin stain. 
Original magnification X 14. 


below the landing pattern altitude by some undeter- 
mined distance. He called in at this time stating 
“turning base, gear down, for a touch-and-go land- 
ing,” which indicated that he was making a turn at 
right angles to the runway and was ready to land. 
His plane was then observed to enter a descending 
turn toward the runway and shortly thereafter to fall 
sharply, strike the ground, and explode. 

At autopsy, in addition to extensive traumatic 
injuries, severe atherosclerosis of the coronary arteries 
and focal fibrosis of the myocardium were found 
(Figs. 6 and 7). In such a case, incapacitation or 
sudden death as a result of severe cardiac arrhythmia 
secondary to coronary insufficiency would certainly 
be likely. Here, however, spatial disorientation, 
perhaps occurring at the moment when landing lights 
were turned on, must also be considered a strong 


possibility. 


Fic. 9. Case 3. Photomicrograph of coronary artery 
showing medial hemorrhage. Hematoxylin and eosin 
stain. Original magnification X 26. 
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Case 3. A Navy instructor pilot (AFIP Acc. No. 
912765) was flying a T28 aircraft on a carrier 
exercise in marginal weather. There was evidently 
confusion on the radio, during which time the air- 
craft-struck the water with high impact. 

At autopsy, the pilot was found to have severe 
coronary artery atherosclerosis with hemorrhage into 
an atheromatous plaque. Such an episode could have 
caused sudden incapacitation, which at low altitude 
and in confusing flying conditions could result in loss 
of control of the plane and collision with the water. 
While this is the most probable explanation for the 
accident, other contributory factors such as spatial 
disorientation cannot be entirely ruled out, and the 
hemorrhage conceivably could have been precipi- 
tated by the trauma of impact (Figs. 8 and 9). 


Case 4. In response to an alert, a thirty year old 
pilot (AFIP Acc. No. 900049) ran to his aircraft and 
started the engine. After beginning to taxi, he was 
seen to stop, then slump forward over the controls. 
His aircraft rolled forward until it struck another 
aircraft and stopped. One of the line crew rushed to 
the aircraft, jettisoned the canopy and lifted the 
pilot from the cockpit. The pilot was pronounced 
dead on arrival at the dispensary. 

At autopsy, the heart was found to be enlarged, 
weighing 450 gm. The circumflex branch of the 
left coronary artery was considerably narrowed, and 
microscopic examination showed a florid athero- 
sclerosis with marked lymphocytic infiltration into 
the atheroma and surrounding media. There was 
no infarction of the myocardium. 

The finding of sevére coronary atherosclerosis to- 
gether with a knowledge of the details of the accident 
indicate that it was highly probable that the pilot’s 
death and the subsequent accident resulted from the 
effects of acute coronary insufficiency. 


SUMMARY AND CONCLUSIONS 


In a group of supposedly healthy young fliers, 
there is a significant percentage who have 
moderate or marked atherosclerosis of the coro- 
nary arteries. However, in these pilots there is 
very little arteriosclerosis in the aorta, renal 
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arcuate arteries, and small arteries of the peria- 
drenal fat and the pancreas. The same ob- 
servations are essentially true of a similar group 
of non-flying military personnel. This suggests 
that in young men free of clinical evidence of 
disease, coronary artery atherosclerosis may de- 
velop at a more rapid rate than in vessels of 
other organs. Fliers and non-fliers in the pres- 
ent study were not basically comparable because 
of age and other differences. However, the 
incidence of moderate and marked coronary 
artery sclerosis was found to be approximately 
equal in both groups, regardless of age. 

In implicating marked coronary artery disease 
as a Causative factor in an otherwise unexplained 
aircraft accident, extreme caution must be used. 
The finding of severe narrowing of the lumen of 
the coronary arteries must be considered in the 
light of information gained from the investiga- 
tion of mechanical factors and from reports of 
the details of the accident. 
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Cardiovascular System of the Aging Pilot’ 


Bric. Gen. Otis B. SCHREUDER, MC, USAF (RET.) and JosEPpH G. CONSTANTINO, M.D. 


New York, New York 


to a recent editorial,' “‘One of the 
chief difficulties in studying the aging 
process is that no sure way is known at present 
to separate physiological sclerosis (the age- 
conditioned consolidation of tissues) from ar- 
teriosclerosis, to which it is not related histo- 
logically or pathogenetically. ‘The concept that 
you are as old as your arteries does not get to 
the root of the matter, because aging is a process 
that can be recognized in plants and in animals 
that do not have arteries but in which a period 
of growth is followed by cessation of growth, 
decline and death. Arteriosclerosis is also 
unevenly distributed in the body; thus, the 
physiological process is masked by the patho- 
logical.” 

In approximately 25 per cent of men over 
forty years of age and 40 per cent of men over 
fifty years of age, there is some degree of ele- 
vation of blood pressure based on a normal 
systolic pressure of below 150 mm. Hg.? In 
this connection statistics from insurance com- 
panies show that there is a definite relation 
between high systolic and diastolic blood pres- 
sures and life expectancy. These statistics 
also show a relation between overweight and 
the probability that one of the degenerative 
diseases will develop, particularly hypertension 
or diabetes with a resulting decrease in longevity. 

Aging is a complicated process which begins 
with birth and ends with death, although usually 
one thinks of the aging process as beginning in 
maturity. This is true of the aging process of 
the cardiovascular system as well as the other 
systems of the body. 


CARDIOVASCULAR COMPLICATIONS OF AGING 


With increasing age there may be slowly 
progressive changes in the cardiovascular system 
such as a tendency for the heart to get propor- 
tionately larger, which, however, does not mean 
that it has increased in functional capability. 
There also may be deposition of cholesterol or 


calcium deposits on the valves of the heart. 
The systolic pressure invariably increases after 
the age of forty years and with increased age, 
the pulse rate may not respond as well after 
exertion and stress. The elasticity of the blood 
vessels usually decreases. 

Although frequently there are no significant 
electrocardiographic changes, the following 
changes may occur: low voltage and slurring of 
QRS with a tendency to increased duration, a 
decrease in the amplitude of the P wave, and 
T wave changes. There is also an increased 
frequency of functional arrhythmias. 

Of particular interest is the occurrence of 
coronary artery disease, the incidence of which 
increases with age but which nevertheless often 
occurs at a relatively young age. The majority 
of workers now consider this as a disease rather 
than as a part of the normal aging process. 
The occurrence of coronary artery disease is 
of utmost importance in the airline pilot because 
of the possibility of sudden incapacitation. 

In the older age group, deaths from cardio- 
vascular-renal disease exceed all other causes. 
In the past twenty-five years the population 
of the United States has doubled, and the popu- 
lation of older persons has quadrupled. The 
major threat to these senior citizens is disease 
of the blood vessels.? In 1900 diseases of the 
heart and blood vessels were responsible for 
the death of two of ten persons, whereas in 
1955, over five of every ten in the United States 
died from these causes. A study of the cardio- 
vascular-renal deaths in 19554 revealed that 
48.8 per cent of the people died of arteriosclerotic 
heart disease, including coronary artery disease, 
and 20.9 per cent of cerebral vascular lesions. 
From these studies it appears that the under- 
lying pathologic finding in most of the deaths 
from cardiovascular disease is atherosclerosis. 
Approximately 40 per cent of men over forty 
years of age in the United States have significant 
atherosclerosis of their coronary vessels.‘ 


* From the Overseas Division, Pan American World Airways, Inc., New York, New York. 
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CARDIOVASCULAR DISEASE IN AIRLINE PILOTs 


Although the incidence of cardiovascular- 
renal disease is relatively high in most walks of 
life beginning with middle age, it has been our 
observation that the incidence is lower among 
airplane pilots. For example, in Pan American 
World Airways from January 1958 to May 1959 
there have been thirty-seven pilots who have 
become unfit for flying duties because of some 
disease process (not including injuries). Of 
the group twenty have died and seventeen are 
living. In eleven instances, incapacitation was 
due to neurologic and psychiatric conditions 
and in eight it was due to disease of the cardio- 
vascular system. ‘The cardiovascular condi- 
tions included six cases of coronary occlusion 
with myocardial infarction; in four of these the 
pilots are living.§ 

In a study of the medical records of 150 
active senior pilots over forty years of age, car- 
diovascular defects as well as other defects 
occurred rather infrequently. The average age 
of these pilots was 44.1 years with only fifteen 
pilots in the age group between fifty-one and 
sixty years. There were five (3.3 per cent) 
who exhibited potential arterial hypertension; 
thirteen (8.7 per cent) who could be considered 
to be overweight according to life insurance 
standards and two (1.3 per cent) who had border- 
line cardiac hypertrophy. In eleven instances 
(7.3 per cent) there were minor electrocardio- 
graphic changes. All pilots exhibiting these mi- 
nor cardiovascular defects were entirely without 
It is interesting to note that of the 
total number of pilots in the Overseas Division 
of Pan American World Airways, 33 per cent 
are in the age group from forty to sixty years. 

The lower incidence of cardiovascular-renal 
disease as well as the lower incidence of the 
other degenerative diseases is in this group 
partially due to the rigid physical examination 
given prior to acceptance. The pilot is quali- 
fied medically on his original examination on 
the basis not only of his present physical con- 
dition, but also on his potential physical condi- 
tion twenty to thirty years hence. A rigid 
appraisal of the cardiovascular system is 
mandatory during the original examination. 
For example, in 1955 in the examination of 186 
applicants for the position of co-pilot, fifty 
were medically disqualified, a rejection rate of 
26.8 per cent. Among the fifty rejectees there 
were 124 physical defects; of these twenty-six 
were visual and ocular defects; twenty were 


symptoms. 
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chronic, early or obviously potential cardio- 
vascular defects; and nineteen were neuropsy- 
chiatric conditions. In the original examination 
of the applicant a routine twelve-lead electro- 
cardiogram is taken to aid in ruling out cardio- 
vascular disease. If accepted, this original 
electrocardiogram serves as a baseline record 
for future reference. 

The primary mission of the medical depart- 
ment of an airline is the preservation of health 
of the employees and the safety, comfort and 
welfare of the passengers. In the interest of 
flight safety particular attention is given to the 
operational members of the aircrew. The 
periodic physical examination is one of the 
means of maintaining the pilot in good health, 
its objective being to detect any disease process 
in its earliest stage so that corrective action 
can be taken. With reference to the cardio- 
vascular system a routine twelve-lead electro- 
cardiogram is taken yearly after the age of 
thirty-five years and annual tests of post- 
prandial blood sugar and blood cholesterol 
are made after the age of forty years. 


ILLUSTRATIVE CASES 


The following case reports are representative 
of some of the cardiovascular conditions 
found and the action taken. 


Case 1. A thirty-six year old pilot was off flight 
duty for five weeks. He had been hospitalized for 
two and a half weeks, supposedly for an acute non- 
specific pericarditis, and applied for reinstatement to 
flight status. Physical examination, including an 
electrocardiogram, revealed that the pilot was still 
in ill health and a diagnosis of a recent anteroseptal 
infarction was made. Of particular interest was the 
family history which revealed that his father died 
from a “heart attack” and that an older brother 
had recently suffered a coronary occlusion. Previous 
physical examinations, including electrocardiograms, 
did not reveal evidence of coronary sclerosis. He 
was obviously not qualified for flight duties and was 
given a ground assignment which he performed 


‘satisfactorily until a fatal coronary occlusion with 


infarction occurred four years and three months later. 


Comment: This case is of particular interest 
because it substantiates the opinion, currently 
held in aviation medicine circles, that a pilot 
who has had a definite coronary occlusion with 
myocardial infarction should be permanently 
disqualified from duties as a pilot. 


Case 2. A twenty-six year old flight engineer 
had served four years in military service in a similar 
capacity without difficulty and two years in commer- 
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cial aviation when a diagnosis of aortic insufficiency 
was made on the basis of clinical findings including a 
characteristic murmur, high pulse pressure and a Cor- 
rigan pulse. The electrocardiogram was normal. 
The patient was asymptomatic and his cardiac re- 
serve was excellent. A résumé of the history re- 
vealed questionable “growing pains” between the 
ages of six to eight years but a definite diagnosis of 
rheumatic fever had not been made. It was our 
belief that the aortic valve lesion had been present 
probably since the age of twelve years and was of 
rheumatic origin. For administrative reasons he was 
placed on furlough status and was advised that in the 
interest of his future health he should seek employment 
on a ground status. 


Comment: This case is interesting in that it 
points out the difficulty in early diagnosis of 
valvular heart disease in the absence of definite 
history of rheumatic fever and particularly 
when a young person has successfully completed 
a tour of duty with the Armed Forces. 


Case 3. A thirty-three year old pilot had a normal 
electrocardiographic tracing during an annual physi- 
cal examination. He continued to enjoy good 
health and the interim medical history was non- 
contributory. Two years later, at the age of thirty-five, 
a left bundle branch block was discovered during a 
routine annual physical examination. The pilot was 
completely asymptomatic and showed no disease or 
roentgenographic evidence of heart disease or of 
diminished cardiac or coronary reserve. It was im- 
possible to state the cause of the bundle branch block. 
He was cleared for flight duties and has continued 
to be asymptomatic. Periodic electrocardiograms 
still reveal the presence of a left bundle branch block 
two and a half years later but he continues to be 
asymptomatic and in good health. 


Case 4. An applicant for the position of co-pilot, 
age twenty-seven years, was employed after a thorough 
physical examination including an electrocardiogram 
which was normal. He was called to active reserve 
duty with the Armed Forces as a pilot for one year. 
The interval history was excellent with a non- 
contributory medical history. On return from mili- 
tary leave of absence at the age of thirty-one years, 
physical examination revealed electrocardiographic 
abnormalities of both atrioventricular and intraven- 
tricular conduction without physical, functional or 
roentgenographic evidence of heart disease. The 
fact that a normal electrocardiogram had been re- 
corded only four years ago strongly suggested that 
the abnormalities had developed on the basis of 
organic disease. However, after a thorough study, 
including a consultation with a competent cardiol- 
ogist, he was qualified for flight status. He has had 


yearly physical examinations including electrocardio- 
grams which have revealed no change. 
thirty-six years of age and in good health. 


He is now 


Schreuder and Constantino 


Comment: Whether or not further cardio- 
vascular disease will develop in the future is 
still problematic. ‘The atrioventricular block 
is of more importance than the intraventricular 
block and if the former is organic in nature it 
may at some time become more severe and 
lead to higher degrees of atrioventricular 
block. This case also illustrates the value of 
annual electrocardiograms as part of a physical 
examination, whether in commercial or military 
aviation. 


CRITERIA OF EARLY CARDIOVASCULAR DISEASE 


Frequently one finds that a physical examina- 
tion does not reveal sufficient significant 
changes to warrant a diagnosis of early cardio- 
vascular disease; however, it is important that 
the examiner be observant for changes even 
though they may seem insignificant at the time. 
The following criteria are helpful in arousing 
suspicion of early cardiovascular disease: (1) 
patient looks older than stated age; (2) pre- 
mature graying of the hair; (3) history of early 
alopecia; (4) occurrence of xanthomas; (5) 
family history of cardiovascular disease partic- 
ularly in the early age group between twenty 
and forty years; (6) obesity; (7) tortuosity 
of the retinal and peripheral vessels; (8) labile 
blood pressure and pulse; and (9) increase in 
heart size as determined by physical examina- 
tion and roentgenogram. 

It has been found that there are certain 
diagnostic measures which are of aid in the 
diagnosis of early cardiovascular disease. 
Among these diagnostic measures are: (1) 
an electrocardiogram; (2) a ballistocardiogram; 
(3) roentgenographic studies of the heart and 
great vessels; (4) a hemogram profile; (5) 
blood lipoproteins; (6) blood cholesterol; 
and (7) thyroid function studies such as basal 
metabolism and protein-bound iodine. One 
must realize, of course, that although all of 
the aforementioned tests may be well within 
normal limits the patient may still have cardio- 
vascular disease, particularly involvement of 
the coronary arteries. 


PREVENTIVE MEASURES 


Although there is a serious concern that early 
cardiovascular disease may curtail the pilot’s 
active flying career, it does not appear that this 
will necessarily occur. It has been our observa- 
tion that our older pilots are in a relatively 
good state of health, not only from the cardio- 
vascular standpoint but also when the other 
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systems of the body are considered. It is 
believed that this is also true of other airlines 
which have well organized medical departments. 
The reasons for this are: (1) airplane pilots 
are a highly selective group; (2) the periodic 
physical examination has disclosed some medical 
conditions which have been corrected; (3) 
the physical examinations have made the 
majority of pilots conscious of their health; 
(4) some pilots have been forced to discontinue 
their pilot duties because of personal or tech- 
nical reasons or because they have incurred a 
serious illness or injury other than cardio- 
vascular disease; and (5) from an economic 
standpoint the pilot knows that his job depends 
upon his continued good health and good 
physical condition. ‘The major concern, of 
course, is still the problem of acute coronary 
disease with infarction because of sudden 
incapacitation as far as flying is concerned. 

Whether or not preventive measures can 
delay changes in the cardiovascular system is 
problematic. However, it is our firm belief 
that certain measures improve the pilot phys- 
ically and mentally and indirectly increase 
his proficiency. As a result of this thinking, a 
program of health education or counseling 
has long been in order in connection with the 
periodic physical examination. It is quite 
possible that the following measures might be 
factors in slowing the aging process of not only 
the cardiovascular but also the other systems 
of the body: (1) proper amount of physical 
exercise; (2) mental activity with a proper 
outlook on life; (3) moderation in food intake, 
drinking and smoking; (4) proper amount of 
sleep daily; and (5) avoidance of obesity. 
Specific measures, such as low cholesterol diets 
and glandular therapy, are still in the experi- 
mental stage and cannot be universally recom- 
mended at this time. 

Although enormous advances are being made 
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in medicine, a great deal remains to be done in 
the field of aging, particularly in the field of 
early detection of cardiovascular disease. It is 
hoped that the intensive research, which is 
being performed today, will give us new and 
more specific diagnostic measures so _ that 
preventive steps can be taken to improve the 
health and life expectancy of the aging pilot. 


SUMMARY 


With the increasing average age of the 
airline pilot, the pathologic changes which 
occur in the cardiovascular system with the 
aging process are becoming more and more 
important. Statistical studies reveal that deaths 
from cardiovascular-renal disease exceed all 
other causes in the older age groups. It has 
been observed, however, that the incidence of 
this disease among pilots from middle age on is 
lower than in most other walks of life, largely 
due to the fact that they are a highly selective 
group. A rigid appraisal of the cardiovascular 
system during the original preplacement exam- 
ination is considered mandatory. 

Four representative cases are presented as 
illustrative of some of the existing problems. 
The criteria or changes which should arouse 
suspicion of early cardiovascular disease and the 
diagnostic measures which are of aid in estab- 
lishing this condition are outlined. Preventive 
measures which may delay changes in the 
cardiovascular system are also presented. 
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The Problem of Elevated Blood Pressure 


or Hypertension in the Pilot’ 


LAWRENCE E. M.D., F.A.C.C. 


ETERMINATION of whether a person simply 
has elevated blood pressure or hypertensive 
disease is a difficult problem even in ordinary 
clinical practice. It is magnified considerably 
when applied to the aeromedical situation. 
At least in unrestricted flying categories re- 
quiring that the subject be capable of primary 
control of high performance aircraft, the 
concept that pilots should not be receiving any 
form of significant medication has considerable 
merit. Operating such aircraft requires maxi- 
mum efficiency of reflex action, mental alertness 
and maintenance of the integrity of cardiovas- 
cular dynamics. It is obvious that sedatives 
for the treatment of hypertension do not per- 
mit flying safety in this situation and that 
sympathetic blocking agents which remove 
control of peripheral resistance remove protec- 
tion against increased g force. It must be 
assumed, then, that the retention of a person 
in such an unrestricted flying category implies 
that antihypertensive therapy cannot be given. 
If it is decided that a patient needs antihyper- 
tensive therapy, then his flying career must be 
sacrificed. 

In dealing with the young flying population, 
we sometimes see examples of labile blood 
pressure. Is this a manifestation of future 
hypertensive disease? How accurate are the 
concepts of vascular hyperreactor, normal reac- 
tor and hyporeactor for predicting the develop- 
ment of future vascular disease? Are we justi- 
fied in assuming that a young man with inter- 
mittent elevation of blood pressure is going to be 
a poor risk to enter an expensive training pro- 
gram costing in many instances over a million 
dollars, or should we eliminate these persons at 
the onset of their career? Are they, because 
of their interest, anxiety and perhaps hyper- 
reactive characteristics, the more successful 
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candidates essential to a unit that will carry 
out combat missions? ‘The satisfactory answer 
to this question needs to be known in matters 
pertaining to selection alone. Finally, when 
do we decide that an elevated blood pressure 
is truly abnormal? Can we really define blood 
pressure levels as normal or abnormal? These 
points are in many ways of particular importance 
to those concerned with industrial medicine, 
life insurance and the aeromedical and mili- 
tary fields. One might well ignore a moder- 
ately elevated blood pressure with no sympto- 
matology in civilian life, but its significance 
in terms of selection and prognosis is more im- 
portant to the groups mentionéd. 


METHOD oF STUDY 


Recognizing that opinions differed greatly on many 
facets of this problem, we attempted to obtain some 
expression of the general opinion of authorities in 
the field. A questionnaire was sent to leading 
authorities throughout the world. The letter ac- 
companying the questionnaire explained that it was 
important for the reasons discussed and it was under- 
stood by the experts supplying answers to the ques- 
tionnaire that it was for our use in the flying popula- 
tion. This alerted them to the fact that we were 
dealing with younger people, not the usual clinical 
situation. Undoubtedly this colored the type of 
answers received. The questions themselves were 
directed strictly to the medical aspects of hyper- 
tension. This was thought to be prudent, as many 
authorities in hypertension have relatively little or no 
knowledge concerning aeromedical problems al- 
though they may be experts in the intricacies of 
hypertension. 

The answers provide an interesting cross section of 
thinking on the problems related to hypertension and 
will undoubtedly provide much for discussion. 
Answers were returned by twenty-seven of the thirty 
authorities queried. The twenty-seven replying to 
the questionnaire were Drs. Byron Pollock, E. Grey 


* From the Department of Internal Medicine, School of Aviation Medicine, The Aerospace Medical Center, Brooks 
Air Force Base, San Antonio, Texas. 
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TABLE I 


Authorities’ Opinions of the Upper Limit of Normal for 
Systolic Blood Pressure 


No. of 
Opinions 


Pressure 
(mm. Hg) 


Below Age of 40 Years 


130 1 
138 1 
139 1 
140 16 
150 5 
160 1 


Above Age of 40 Years 


139 1 
140 8 
150 10 
155 1 
160 2 
180 2 


Dimond, R. Bruce Logue, S. W. Hoobler, James 
Warren, George A. Perera, Carlton Chapman, 
Robert Wilkins, Edward Fries, George W. Manning, 
Tinsley Harrison, Howard Lewis, Robert Bruce, 
Charles Kossmann, Eugene Stead, Robert P. Grant, 
Ashton Graybiel, John Moyer, Samuel A. Levine, 
Paul D. White, Howard Burchell, Irvine Page, Lewis 
Dexter, Arthur Fishberg, Henry Schroeder, Harry 
Ungerleider and John Pickering. 


RESULTS OF QUESTIONNAIRE 


Upper Limit of Normal for Systolic Pressure: 
The first question was intended to determine 
what most authorities considered the upper 
limit of normal for the systolic blood pressure 
in persons below the age of forty years. 
Twenty-five doctors replied to this question 
(Table 1). Of the twenty-five, sixteen thought 
that 140 mm. Hg was the upper limit of nor- 
mal; thus the median and the mode was 140 
mm. Hg and the mean was 142 mm. Hg. The 
second point was what level of systolic blood 
pressure represented the upper limit of normal 
for persons past the age of forty years (Table 1). 
Of twenty-four who replied to this question, 
ten believed that 150 mm. Hg was the upper 
‘mit of normal. The median and the mean 
vas 150 mm. Hg. 

_ Upper Limit of Normal for Diastolic Pressure: 
"he third point concerned the upper limit of 
normal for the diastolic blood pressure below 
the age of forty years. It was specifically stated 
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TABLE 11 


Authorities’ Opinions of the Upper Limit of Normal for 
Diastolic Blood Pressure 


No. of 
Opinions 


Pressure 
(mm. Hg) | 


Below Age of 40 Years 


on the questionnaire that the diastolic pressure 
referred to the disappearance of sound. Of 
twenty-seven replies received there were twenty- 
six satisfactory answers (Table m). Eighteen 
authorities believed that the upper limit of 
normal for the diastolic pressure below the age 
of forty years was 90 mm. Hg. The median 
and the mode was 90 mm. Hg and the mean was 
89 mm. Hg. 

The fourth point to be established was the 
upper limit of normal for the diastolic blood 
pressure in persons forty years of age or over. Of 
twenty-six who replied to this question, nineteen 
believed that 90 mm. Hg was the upper limit 
of normal for this age group (Table m). Both 
the median and mode for the replies indicated 
that 90 mm. Hg was the upper limit of normal ; 
the mean was 92 mm. Hg. In summary, then, 
the group opinion seemed to indicate that 
the upper limit of normal for blood pressure 
levels below the age of forty years was 140/90 
mm. Hg and above the age of forty, 150/90 mm. 
Hg. 

Intermittent Blood Pressure Elevation: The fifth 
point to establish was the significance of inter- 
mittent elevated blood pressure. This question 
was deliberately framed in such a way that 
normal blood pressure determinations were 
only occasional and read, “What diagnosis or 
opinion would you give in an individual who 
has blood pressure determinations above the 
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89 1 
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TABLE Ill 


Authorities’ Opinions Regarding What Level of Blood 
Pressure is an Indication for Therapy 


No. of 
Opinions 


Pressure 
(mm. Hg) 


Systolic 


None for systolic 
150 
160 
170 
180 
200 


Diastolic 


90-95 

100 

110 

120 

120, 130 or 140 


level of your normal values and has occasional 
determinations within your prescribed normal 
limits?” The replies were somewhat varied. 


Of twenty-one answers that could be fairly 


well classified, thirteen implied that the findings 
in such a person were significant. They indi- 
cated this by use of such terms as prehyper- 
tension, hypertension or potential hyperten- 
sion. Another seven authorities believed that 
such subjects were normal or classified them as 
vascular hyperreactors. One authority chose 
the term “labile high blood pressure” but it 
was not clear what significance he attached to 
this particular term. It was of interest that 
only five authorities actually used the unquali- 
fied term hypertension in describing persons 
with this finding alone. 

Level of Blood Pressure and Indication for Treat- 
ment: ‘The sixth point to be established was 
in reference to treatment and because of a 
clerical error the value of this question was lost, 
in part, to the survey. The question read: 
‘Assuming no other significant findings (normal 
heart size, normal Master exercise tolerance 
test, normal renal function and asymptomatic), 
at what level of systolic blood pressure would 
you institute treatment, if at all?” Of sixteen 
replies to this question, six indicated that no 
treatment would be indicated and ten would 
institute treatment at various levels of systolic 
elevation (Table mm). Five more authorities 


stated that if the systolic pressure were 180 mm. 
Hg or more, they would institute treatment. 
This figure represented the median opinion of 
the group. The mode was also 180 mm. Hg 
and the mean was 174 mm. Hg. 

Fortunately, thirteen authorities also indi- 
cated their attitude concerning the treatment 
of diastolic pressure (Table m1). One authority 
would institute therapy of diastolic blood pres- 
sure levels as low as 90 to 95 mm. Hg; another 
indicated that in many instances he would not 
institute therapy unless the diastolic pressure 
was as high as 140 mm. Hg. For the level of 
diastolic pressure at which treatment should be 
instituted, the mode for the replies was 100 
to 110 mm. Hg, the median 110 mm. Hg and 
the mean 107 mm. Hg. Apparently only one 
authority believed that treatment at diastolic 
levels below 100 mm. Hg as a sole finding was 
indicated. 

Effect of Treatment on Prognosis: ‘The next 
question inquired, ‘“‘Do you have any factual 
information that control of blood pressure to 
normotensive levels in the individual with the 
finding of blood pressure elevation alone ac- 
tually improves the prognosis?” Of twenty- 
four replies to this question, nineteen said 
“no” and 5 said “yes.” In this group of five 
may be included several who interpreted the 
question to include hypertensive crisis. The 
following comments were volunteered in re- 
sponse to this question: “There is no question 
in my mind that adequate treatment may 
sometimes cause reversal of hypertension to the 
point that drugs are no longer necessary (seen 
thirty times—four in the malignant).”” Another 
authority replied, “No, neither has anyone 
else.” A third reply was, “Yes, in the malig- 
nant phase and in that only.” The responses 
would indicate that there are few authorities 
who, at the present time, believe that therapy 
for uncomplicated essential hypertension ac- 
tually improves the prognosis. 

Elevated Blood Pressure and Restriction of Physical 
Activity: ‘The next question was intended to 
learn what the authorities thought about the. 
limitation of activity in subjects with ele- 
vated blood pressure as the only finding. 
The question read: ‘‘Do you feel that any re- 
striction should be placed on physical activity 
with elevated blood pressure as the only finding 
in individuals below the age of 40? In 
individuals above the age of 40?” Of those 
persons over forty years of age, twenty authori- 
ties thought that no restriction in activity was 


THE AMERICAN JOURNAL OF CARDIOLOGY 


| 
6 
1 
2 
1 
5 
i 
1 
5 
5 
1 
1 


Blood Pressure Elevation in the Pilot 33 


indicated for elevation of blood pressure alone. 
One authority said slight restriction was indi- 
cated and two believed that restriction was 
indicated. For persons below the age of forty 
years with elevated blood pressure, twenty-one 
authorities said that no restriction was indi- 
cated, two believed slight restriction was in 
order and one thought that restriction was 
indicated. 

Vascular Changes in Fundi: Since there is 
considerable controversy concerning the signif- 
icance of vascular findings of the fundi as 
related to establishing the diagnosis of hyper- 
tension or prognosis, questions were directed 
toward this point. One question asked, “‘Would 
you give medication or treatment or limit 
activity in any way in the individual with 
grade 1 or 2 Keith-Wagener changes in the 
fundi and with transitory blood pressure eleva- 
tions above your normal value but with fre- 
quent normal levels?” Of twenty-five author- 
ities, eighteen replied ‘“‘no’’; seven said “‘yes.” 

The question was then asked “Do you think 
grade 1 or 2 Keith-Wagener changes of fundi 
may be transitory in the same sense that one’s 
blood pressure is.elevated as a manifestation of 
vascular hyper-reactivity?”? Of twenty-one au- 
thorities answering this question, fourteen 
replied “‘yes”; seven said “‘no.” An interest- 
ing point made by one of the authorities which 
bears repetition was, “‘I think these changes are 
valueless. Observer error has been carefully 
studied and it is enormous.” Several authori- 
ties expressed doubt concerning the significance 
of the Keith-Wagener classification. One 
authority said it depended on who observed 
them. Others indicated that very often grade 
1 and 2 changes were in reality arteriosclerotic 
rather than hypertensive changes. Never- 
theless, the total group of answers would seem 
to indicate that the usual concept of grade 1 
and 2 Keith-Wagener changes is limited in its 
ability to substantiate the diagnosis of hyper- 
tension. 


COMMENTS 


Such a survey is definitely limited in the range 
of its applicability. Nevertheless, it does bring 
iorth certain ideas which are applicable to those 
engaged in active flying careers. It must be 

tated that in all likelihood different answers 
would have been received from the same author- 
ities were they dealing with older populations. 
[t must also be recognized that these re- 
plies were based on the assumption that blood 
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pressure elevations were the only discernible 
manifestation of disorder. It may be said 
that the majority of opinion holds that persist- 
ent blood pressure determinations above 140/90 
mm. Hg in subjects below the age of forty 
years are significant and that persistent blood 
pressure elevations above 150/90 mm. Hg in 
persons above the age of forty years are likewise 
significant. The replies indicate that when 
blood pressure elevation is the only finding and 
when such elevations are not persistent, most 
authorities would be reluctant to make a diag- 
nosis of hypertension. The third and perhaps 
the most important consideration in this sur- 
vey is that most authorities would be reluctant 
to begin treatment when elevated blood pres- 
sure was the only finding unless the blood pres- 
sure levels were approximately 170/110—100 
mm. Hg. Finally, the majority of authorities 
had no real faith that modern antihypertensive 
therapy really improved the prognosis in per- 
sons in whom the only finding was persistent 
elevation of blood pressure. Therefore, it 
would seem logical that, in the pilot without 
evidence of vascular complication or evidence 
of any other form of complication of elevated 
blood pressure, it would be acceptable for him 
to continue his flying career and not institute 
therapy until the diastolic pressure was persist- 
ently elevated above 100 mm. Hg. One need 
not think that any great compromise in health or 
prognosis has been made by pursuing this course 
of action. 

Of course, the usual hygienic control meas- 
ures, such as weight reduction and maintenance 
of adequate physical activity, are indicated. 
It is hoped that these measures would, to some 
extent, help prevent some of the common 
arteriosclerotic complications of hypertension. 
In individual instances it might be acceptable 
to continue a pilot in an active flying career 
without medication even with diastolic blood 
pressure elevations up to 110 mm. Hg. - Beyond 
this point, more serious consideration concerning 
the advisability of therapy and cessation of 
unrestricted flying must be given on an indi- 
vidual basis. 

As our knowledge improves concerning the 
over-all problem of hypertension, perhaps a 
true answer can be given as to the significance 
of transitory elevation of blood pressure in 
the so-called vascular hyperreactor and the 
influence on prognosis of more recent forms of 
antihypertensive therapy. Perhaps when we 
can better control the arteriosclerotic complica- 
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tions attendant to hypertension, the approach 
to the problem will require revision. Until 
such time, the approach outlined herein seems 
logical for the pilot in the unrestricted flying 
category. 


SUMMARY 


An opinion survey of twenty-seven authorities 
relative to the normal level of blood pressure 
has been carried out. Most replies indicated 
that 140/90 mm. Hg was the accepted upper 
limit of normal for blood pressure in persons 


under forty years of age and that 150/90 mm. 
Hg was the accepted upper limit of normal for 
persons past the age of forty years. 

Opinions were expressed and are reported 
relative to the significance of intermittent blood 
pressure elevations, the level of blood pressure 
which should be an indication for therapy when 
blood pressure elevation was the only finding 
and information, if any, relative to improvement 
in prognosis resulting from therapy. 

Comments relative to the problem of hyper- 
tension and therapy as related to flying are 
included. 
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HE electrocardiogram as applied in clinical 
is used primarily as a diagnostic 
instrument. Prognosis is a prediction of future 
events from present signs. In forecasting the 
probable future of the patient with heart 
disease the electrocardiogram provides us with 
objective signs which have remote as well as 
immediate diagnostic application. 

Those, like myself, who are engaged in life 
insurance medicine are concerned principally 
with the problem of prognosis, in other words, 
the ultimate mortality experience of the various 
impairments to which the human mechanism 
is subject. In evaluating the outlook in cardio- 
vascular diseases, the electrocardiogram has as- 
sumed a most important role. During the 
past twenty-nine years, we have accumulated 
electrocardiograms of over 35,000 persons in the 
diagnostic laboratory at the Equitable Life 
Assurance Society of the United States and 
for the past several years we have been review- 
ing about 6,000 electrocardiograms annually 
submitted on applicants for insurance policies. 
The availability of long range follow up has 
made it possible for us to carry out a number of 
studies on mortality experience with various 
cardiac abnormalities, and particularly electro- 
cardiographic abnormalities, some of which are 
reviewed here. Basically, there are three 
categories which fall within our scope: coronary 
disease, hypertrophy and cardiac irregularities. 

It should appear a simple matter to catalog a 
list of electrocardiographic abnormalities and 
study these individually for the mortality 
experience. In certain instances, we have in 
‘act been able to do this as will be indicated. 
However, it is not possible to treat the entire 
range of electrocardiographic abnormalities in 
this fashion. Some years ago, one of the large 
insurance organizations' undertook a mortality 


rating of each electrocardiographic finding 
separately, but it rapidly became evident that 
this was not only impractical, but thoroughly 
fallacious. The reasons for this are manifold. 
First, many electrocardiographic abnormalities 
occur, not as isolated findings, but rather as 
patterns. As one example we may cite the 
pattern of right ventricular hypertrophy in 
which right axis deviation is associated with T 
wave changes in leads m and m, and in which 
one must also consider multiple precordial 
leads. Another cause of difficulty is that many 
findings are of no consequence individually, 
but are non-specific and must be related to the 
general clinical picture. Such is the case with 
low voltage of the QRS complex which may be 
due to a large variety of causes, some entirely 
extracardiac in origin. In addition, there is 
a lack of unanimity in the definition of what 
constitutes an abnormality, as for example, 
slurring and notching of the QRS complex. 
Other abnormalities are difficult to identify 
with precision, as we learned from personal 
experience in attempting to carry out a study 
on the Q-T interval. The variations in the 
Q-T interval reported by the same trained 
analyst in reading the same electrocardiograms 
on successive occasions proved so great as to 
vitiate a study of the significance of variations 
in this interval. These unrelated examples 
illustrate the difficulties in any comprehensive 
studies, and indicate the necessity of approach- 
electrocardiographic interpretation statis- 
tically, as well as in clinical medicine, from the 
individual aspect, keeping clinical correlations 
constantly in mind. It must be remembered 
that the electrocardiogram reflects only one 
segment of the clinical picture, and that progno- 
sis is not determined by the electrocardiogram 
as such, but by the underlying disease. 


* From the North American Reassurance Company, New York, New York. 
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CoRONARY ARTERY DISEASE 


Although changes in the coronary arteries 
are not a necessary or an integral part of 
advancing years, they are, in fact, almost 
universal. In a study carried out on 320 
applicants for insurance policies a few years ago, 
employing roentgenographic and electro- 
cardiographic criteria, we found evidence of 
arteriosclerotic changes in half of the men 
between the ages of fifty-one and fifty-five 
years and in 75 per cent of those above fifty- 
five years of age. This accords well with the 
extensive pathologic studies of White, Edwards 
and Dry,* who demonstrated the presence of a 
severe grade of coronary artery sclerosis in 
over two-thirds of subjects above the age of 
fifty years. Viewed in this light, isolated 
electrocardiographic abnormalities in people 
above the age of fifty years become almost 
fortuitous findings. The clinical incidents 
which may punctuate changes in coronary 
arteries, such as coronary occlusion, are but the 
surface visible strata which may portend danger 
at the time of occurrence. Yet, as the work of 
Blumgart and co-workers‘ has shown, coronary 
occlusion often occurs unheralded by any 
clinical signs of illness. In either event, having 
once recovered from the acute and frequently 
critical phases of the attack, the future of the 
patient in respect to life expectancy and usually 
in relation to functional capacity as well, is 
not compromised by and dictated by the 
attack he has sustained but rather by further 
fortuitous changes in his coronary arteries. 
Within the past few years, two important studies® 
on life expectancy after attacks of coronary 
occlusion have been carried out in life insurance 
organizations. In both, the average life expect- 
ancy following the attack was approximately ten 
years. ‘These cases are weighted adversely in 
comparison with the average case encountered 
in clinical practice, as data for these studies 
were drawn exclusively from disability experi- 
ence; in other words, persons who were 
considered totally and permanently disabled 
three months following their attack. Certainly 
the outlook must be considerably more favor- 
able when rapid functional recovery ensues, 
as is the situation in the vast majority of in- 
stances, and when patients are placed on a 
therapeutic regimen which may favorably 
influence their further course. 


ACUTE PHASES OF CORONARY DISEASE 
It is well to inquire specifically how the 


electrocardiogram does and does not bear on the 
outlook in coronary artery disease. This is 
best viewed by individually surveying the several 
clinical syndromes of coronary disease. 

Impending Myocardial Infarction: This is a 
relatively unappreciated but nevertheless impor- 
tant syndrome. On careful inquiry, a sur- 
prisingly large number of persons sustaining 
coronary attacks will give a history of vague and 
indefinite pain in the chest for some days or 
weeks antedating the actual attack. More 
important are patients who actually present 
themselves for examination with this complaint. 
The pain is by no means regularly typically 
anginal in nature, and unfortunately the 
electrocardiogram is usually normal. Although 
one might anticipate a priori that in such 
instances a provocative exercise test for evidence 
of coronary insufficiency would be informative, 
in our experience this has proved sadly dis- 
appointing. ‘This is a situation in which the 
electrocardiogram more commonly than not 
fails prognostically even in predicting an im- 
mediately imminent event. Recognizing this, 
we may not rely too heavily on the electro- 
cardiogram when our clinical judgment leads 
us to suspect that a coronary attack is impend- 
ing. I digress to remark that in my opinion 
the prophylactic use of anticoagulants in this 
situation is probably more useful than when an 
attack already has occurred. 

Acute Coronary Occlusion: When an attack of 
coronary occlusion occurs the electrocardio- 
gram is our prime diagnostic instrument, but it 
does much more. It helps us prognostically 
in appraising not only the location but also 
the extent and severity of the attack and its 
evolution. Although clinical judgment is para- 
mount and we have many signs to go by, the 
electrocardiogram is a useful guide to im- 
mediate mortality at the time of the acute 
attack. Some time ago, we carried out a 
study comparing electrocardiographic features 
in 100 patients with acute myocardial infarction 
without known antecedent heart disease of 
whom fifty survived and fifty died. There was a 
striking difference in the electrocardiographic 
patterns among the survivors as compared with 
those who died.* In brief, the majority of 
survivors exhibited an uncomplicated typical 
pattern either of anterior or posterior infarction; 
whereas among the group who died, forty-five 
of the fifty showed some complicating electrocar- 
diographic abnormality in addition to the char- 
acteristics of anterior or posterior involvement. 


THE AMERICAN JOURNAL OF CARDIOLOGY 


| 


Prognostic Implications of Electrocardiogram 37 


Chief among these complicating features were the 
following: (1) evidence of combined anterior 
and posterior involvement; (2) presence of 
bundle branch block indicating septal involve- 
ment in addition to anterior or posterior infarc- 
tion; (3) presence of Q waves across the 
entire precordium, indicative of extensive ante- 
rior infarction; (4) presence of a deep Q wave 
in lead 1 indicative of high anterior infarction in 
addition to the usual involvement of the apical 
area of the left ventricle; (5) marked deviations 
of the S-T segment beyond what is usually 
observed in acute anterior or posterior infarc- 
tion; (6) progressive abnormality rather than 
improvement of the S-T segment; and (7) 
presence of major arrhythmias. Arrhythmias 
were found to be of graver consequence in 
anterior infarction. In posterior infarction 
they occur commonly and are often transitory. 

Additional features observed more commonly in 
patients who died included tachycardia, very 
low voltage, progressive electrocardiographic 
changes other than the usual serial evolution, a 
predominantly upright QRS in lead aVR, 
electrical alternans, significant prolongation of 
the Q-T interval, very prominent P waves and 
abnormal depression of the P-R_ segment 
indicating auricular infarction. It is evident 
then that the electrocardiogram serves prognos- 
tic as well as diagnostic purposes in acute 
coronary occlusion. As has been observed 
repeatedly, there is no decided difference in 
outcome between infarction of the anterior and 
posterior wall. 

Functional Recovery in Acute Coronary Occlusion: 
The electrocardiogram is serviceable prognos- 
tically in coronary occlusion not only at the 
time of the attack but also in evaluating recovery 
and ability to resume functional activity. 
For this purpose, the resting electrocardiogram 
is of no value, for it may be months before 
the typical serial changes in the electrocardio- 
gram after an attack of acute infarction evolve 
to a stable pattern and it is unwarranted to 
keep the patient incapacitated while the changes 
are slowly evolving. We have applied the 
electrocardiographic response to _ exercise 
prognostically in assessing the degree of func- 
tional recovery following convalescence from 
acute myocardial infarction. If any consid- 
erable ischemia still remains, exercise will 
cause the reappearance of changes similar to 
those observed in the initial phases of the 
attack. However, if the patient has made 
a good functional recovery, the electrocardio- 
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gram will show no such marked changes follow- 
ing a moderate amount of effort. This seems a 
sensible procedure to employ in appraising the 
fitness to return to physical activity rather than 
to use arbitrary advice as is generally practiced. 
While it may appear that there is some element 
of risk in exposing a patient to exercise after 
recovery from a coronary attack, certainly it is 
much better to do this under supervision and 
actually observe what effects exercise has on the 
myocardium rather than allow him to under- 
take full activity without knowledge of its 
consequences. 

Mild Myocardial Infarction: A _ distinctive 
syndrome which may be attended by a good 
immediate prognosis as well as a somewhat 
more favorable long term outlook comprises 
those patients, forming a not inconsiderable 
number, whose acute attacks are very mild. 
After an initial episode of pain in the chest 
which, although initially severe, may not be 
protracted, the clinical course may be entirely 
benign and laboratory data such as tempera- 
ture, sedimentation rate and transaminase, may 
be inconclusive. Electrocardiograms are apt to 
exhibit only T wave changes which may not be 
major in degree or involve multiple leads, and 
such abnormalities as occur may regress 
completely within a few days or weeks. In a 
series of patients hospitalized with this pattern, 
presumably reflecting minor or focal infarction, 
the most common age group comprised persons 
in the late thirties and in the forties.’ There 
were no deaths and functional recovery was uni- 
formly good. However, the long term outlook 
cannot be considered benign, however minimal 
the acute attack. In one series of sixty-nine 
such patients® hospitalized with a slightly more 
severe pattern, but less than the classic attack 
of acute myocardial infarction, there were 
four deaths within the first month and three to 
four deaths annually over a five-year follow up. 
Forty-seven of sixty-five patients (72.3 per cent) 
survived for five years. The majority of 
deaths in the follow-up period were due to 
heart disease. 

Ballistocardiogram in Coronary Occlusion: The 
ballistocardiogram is almost universally re- 
corded with electrocardiographic apparatus, 
and has become a common adjunct in the 
examination of cardiac patients, particularly 
those with coronary disease. However, al- 
though the ballistocardiogram provides in- 
teresting physiologic information, in our experi- 
ence, its actual clinical value has been limited. 
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TABLE I 


Mortality Ratios (Actual: Expected) in Coronary Heart Disease 


Mortality (%) 


Coronary occlusion (myocardial infarct )-good functional recovery, with minimal residua 


Under 60 years of age at time of attack 


Over 60 years of age at time of attack, or questionable or minimal episode of infarction 
Pain in the chest 
Anginal type 
Onset within one-year period, or severe in degree producing functional limitation or requir- 
ing frequent use of nitroglycerin, major electrocardiographic abnormality............. 500 
Evidence of coronary insufficiency in exercise test 
No evidence of coronary insufficiency on double two-step exercise test.............. 200 to 300 
Atypical pain in the chest 
Not having anginal characteristics; results of electrocardiographic exercise test negative. . . 100 to 200 
Asymptomatic coronary disease (electrocardiographic abnormalities) 
Pattern of old infarction without history (Q wave abnormalities, etc. ) 
Major T wave abnormalities 
Abnormal double two-step exercise test 
Ischemic S-T segment changes ; 
Bundle branch block 
Incomplete right, or other conduction 150 to 200 
200 


Complete right or left bundle branch block......... 


* The term mortality ratio (ratio of actual:expected deaths) is infrequently used in clinical parlance, but serves 
the useful purpose of expressing the prognostic significance of a particular disorder in relation to another population, 
the standard of similar age and sex. This population may be insured persons charged the standard rate of premium, 
or the general population of a specified area and time. A mortality ratio of 100 per cent indicates that within a 
fixed period of time the proportion of deaths among those with the disorder in question is equal to the proportion ex- 
pected to die according to the rates of mortality of the standard population. A mortality ratio of 150 per cent indi- 
cates that one and a half times the proportion of deaths expected in the standard population have occurred among 
those with the specified disorder. Insurability is generally limited to persons whose impairments are such that it is 
anticipated that they will not experience a long term mortality ratio exceeding 500 per cent, that is, will not exceed 


five times as many deaths as would occur in a similar group of standard lives. 


Abnormal grades of ballistocardiograms occur 
so commonly beyond the age of forty-five to 
fifty years that very little diagnostic value can be 
attached to such abnormalities unless they be 
extreme. When there is any considerable 
tachycardia, the ballistocardiogram cannot be 
properly interpreted. Left ventricular activity, 
which is what interests us in coronary disease, 
is reflected only in the expiratory phase of 
respiration and if the ballistocardiogram is 


recorded with respiration suspended in inspira- 
tion the complexes almost invariably appear 
normal, for we are recording right rather than 
left ventricular activity. In patients with 
coronary occlusion, we have generally found the 
ballistocardiogram to be abnormal in older 
people after coronary attacks and we have 
generally found it to be substantially normal in 
younger people who have had coronary attacks.° 
This reflects the general age trend we observe 
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in the population at large. The fact that the 
ballistocardiogram so frequently remains normal 
after coronary attacks in younger persons serves 
to indicate that in most instances attacks of 
myocardial infarction do not greatly decrease 
the force or power of the heart. This affirms 
our clinical recognition that physical activity 
and performance are not generally severely 
compromised by coronary attacks. 


CHRONIC CORONARY DISEASE 


An even more important problem than the 
use of the electrocardiogram in prognosis of the 
acute phases of coronary artery disease is the 
evaluation of electrocardiographic abnormali- 
ties in chronic coronary disease which may be 
totally asymptomatic or may be attended by 
the symptoms of angina pectoris. In _ this 
situation, so common as we have already 
indicated in persons above the age of fifty 
years, the electrocardiogram usually provides the 
sole abnormality on examination. It is from 
the electrocardiogram that we must decide 
not only as to diagnosis but also the probable 
pattern of the patient’s future (Table 1). 

Asymptomatic Coronary Disease: Some data on 
survival in asymptomatic coronary disease 
have been gathered from mortality studies in 
patients with isolated electrocardiographic ab- 
normalities presumably due to coronary disease, 
such as bundle branch block and T wave 


changes. In right or left bundle branch block 
as an isolated impairment, mortality was 
found to be surprisingly low, not greatly 


exceeding the expected mortality in a study at 
the Equitable Life Assurance Society of the 
United States. Experience with major T 
wave abnormalities is somewhat less favorable, 
as indicated by a long term follow up among 
employees at the Prudential Life Insurance 
Company.’ Among a small number of persons 
with major T wave abnormalities the mortality 
ratio was approximately three and a half times 
that of a control group. A larger experience 
imong persons with isolated minor T wave 
‘bnormalities (such as low amplitude in leads 
i, 1, and left precordial leads) revealed a mor- 
lity twice that of the control group. 

Prognostic Value of Exercise Test: An important 
prognostic, as well as diagnostic, aid in coronary 
disease is provided by the double two-step 

xercise test properly performed and interpreted. 
\ follow-up study of 836 military personnel and 

/9 applicants for insurance policies in whom 

this test was carried out because of suspicion 
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of coronary disease has been reported by Robb, 
Marks and Mattingly.°*” In both groups the 
death rate in those who exhibited ischemic 
electrocardiographic changes after exercise was 
almost three times greater than in those whose 
test had given negative results, and there 
were more than six times as many deaths 
subsequently from acute coronary occlusion in 
those whose test had given an abnormal result. 
Persons with pain in the chest whose exercise 
tests gave negative results had virtually the 
same mortality experience as that for adult 
men of comparable age in the general popula- 
tion. Similar observations have been reported 
in studies employing the anoxemia test, in 
which there was a six- to seven-year follow up, 
although in another study more _ reserved 
conclusions were drawn concerning the prognos- 
tic value of this test. 

Prognostic Significance of Bundle Branch Block: 
Several studies have been carried out on certain 
electrocardiographic abnormalities associated 
with chronic coronary disease, namely, bundle 
branch block and the Q wave in lead m. 
Some preliminary studies also have been carried 
out on the prognostic significance of other 
isolated findings such as T wave abnormalities. 

Abnormalities in the ventricular complex 
are of several types. Widening of the QRS 
beyond 0.10 second is a definitely abnormal 
finding except in the precordial leads in which 
the QRS duration may normally attain 0.11 
second. A more advanced expression of this 
abnormality is bundle branch block in which 
the width of the QRS exceeds 0.12 second, but 
within the past few years it has been recog- 
nized that not all types of bundle branch block 
carry an equally poor prognosis. A not un- 
common type of atypical bundle block is 
encountered in which the widening is in the S 
wave, the so-called S, type of bundle branch 
block. This is indicative of organic heart 
disease, but apparently does not signify as 
extensive myocardial disease as the typical 
pattern of bundle branch block usually as- 
sociated with considerable cardiac enlargement 
and diffuse myocardial disease. Another type 
of widened QRS pattern exists, which is 
presumably due to aberrant conduction from 
auricle to ventricle, the Wolff-Parkinson-White 
syndrome or bundle branch block associated 
with short P-R interval. Patients with this 
anomaly are subject to attacks of paroxysmal 
ventricular tachycardia, but are otherwise 
normal and do not have organic heart disease. 
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Nevertheless, we have observed several patients 
with a short P-R interval and widened QRS 
(conforming to the Wolff-Parkinson-White pat- 
tern) in whom definite hypertensive heart 
disease existed, and we are therefore reluctant 
to dismiss this abnormality lightly. Admit- 
tedly, it is a rare finding. 

Some time ago we reported a study on 
the mortality of bundle branch block, compris- 
ing an analysis of 193 persons studied in the 
diagnostic laboratory of the Equitable Life 
Assurance Society.!° The type of bundle branch 
block was classified as right in 131 patients, left 
in fifty-two, atypical in five and of the WPW 
type in five. It is of interest that the incidence 
of right bundle branch block is more common 
than that of left bundle branch block in the 
general population, particularly in younger 
age groups. The most significant finding in 
our study was the unexpected observation that 
bundle branch block in the absence of other 
cardiovascular abnormalities is not attended by 
a high mortality rate. In the past, bundle 
branch block has been regarded as of ominous 
portent, but our own study indicates that this 
is far from the truth and indeed we have now 
opened the possibility of insurance to such 
patients, properly selected. 

Prognostic Significance of a Deep Q; Wave: 
A most important problem in regard to the QRS 
is the ever recurring question of the Q; wave. 
Although numerous studies have confirmed 
the pathologic significance of the Q wave in 
lead m1 as first described by Pardee, this sign 
still remains a subject of inquiry and some 
uncertainty. Occurring preponderantly in 
patients with organic heart disease, particularly 
coronary artery disease, Q waves conforming to 
Pardee’s criteria of abnormality are seen also in 
certain normal persons, particularly in those 
whose heart lies transversely. In order to 
distinguish normal from pathologic Q waves in 
lead i, various modifications of Pardee’s 
criteria have been recommended. Unipolar 
extremity leads, simultaneous registration of 
multiple limb leads and esophageal leads have 
been employed for this purpose. 

Other problems complicate the interpretation 
of the Q wave in lead m1. Among these are its 
anatomic basis, the significance of Q; waves 
when marked respiratory variation occurs, the 
significance of the small Q,; wave not fully 
meeting Pardee’s criterion of equaling or 
exceeding 25 per cent of the greatest amplitude 
of the tallest QRS in the limb leads, the pro- 


priety of accepting as an abnormal Q; complexes 
preceded in some beats by a small initial up- 
ward deflection, and the significance of the 
QS pattern in lead m and its relation to the 
Q; wave. 

Recently we carried out an investigation in 
an attempt to resolve some of these questions 
by reviewing a large source of material which 
appeared uniquely suitable for such an analysis." 
A total of 1,355 patients were studied in all 
of whom the records of history, physical exam- 
ination and teleoroentgenogram were reviewed 
in addition to the electrocardiogram. A limited 
mortality study suggests strongly that the Q, 
wave deflection is a significant abnormality 
which should not be dismissed simply because of 
associated overweight and transverse position 
of the heart. Fifteen of seventeen patients with 
no cardiovascular abnormalities other than the 
abnormal Q; wave deflection succumbed to 
coronary disease with an average survival 
period for the entire seventeen patients of 5.7 
years. 

Significance of S-T and T Abnormalities: As 
already indicated, abnormalities of the S-T 
segment and T wave can be due to a great 
diversity of causes which do not necessarily 
signify organic heart disease. It is beyond the 
scope of this paper to consider these individually. 
However, in our opinion, the generally accepted 
abnormalities of this complex should be re- 
garded as indicating organic myocardial involve- 
ment unless there is adequate proof to the 
contrary. A frequent problem is the differentia- 
tion of positional effects on the S-T segment and 
T wave from organic changes, e.g., asthenic 
persons who in the erect position may dem- 
onstrate low T waves in lead 1 and inverted T 
in leads 1 and m, and also inversion of the T 
wave in lead aVL and some precordial leads. 
The fact that abnormalities of the T wave can 
be made to disappear with position or vary 
with respiration should give us cause to dismiss 
such findings; even though from time to time 
all of us see bizarre cases with inversions of 
the T wave in any lead which we cannot explain 
or correlate with organic disease. 

Adequate data on the ultimate prognosis, 
i.e., life expectancy with persons of various T 
wave abnormalities, are not available. For 
such studies to be carried out, a breakdown into 
a great number of groups becomes necessary 
involving consideration of the type of T wave 
abnormalities, the leads in which they occur, 
the age and body build, and the presence 
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or absence of associated abnormalities. ‘These 
necessarily dilute sampling so that ultimate 
mortality experience in adequate numbers 
becomes difficult to obtain. Some indication 
that —T wave abnormalities, even when not 
marked, are significant is provided from a 
study conducted among employees of the 
Prudential Insurance Company.’ So minor a 
change as notching of the T wave was considered 
in this study to be indicative of a life expectancy 
category not much better than those of patients 
who had recovered from an acute myocardial 
infarction. Excluding notching of the T waves 
in the transitional zones of leads V2 and V3; 
it was found that more than three-quarters of 
the persons with definite notching of the T 
wave above the age of forty years had evidence 
of cardiovascular disease, and there were 
several fatalities in a limited follow up averaging 
slightly over four years in this group. 

Another borderline finding, i.e., low T 
waves in leads V; and V, was similarly found to 
have an unfavorable outlook. Again, three- 
quarters of the persons with this abnormality 
had evidence of organic heart disease, which 
was two and a half times higher than the 
incidence of cardiovascular abnormalities among 
a control group with normal electrocardio- 
grams. In this group, too, there were several 
fatalities in a follow-up period of four years 
whereas none occurred among the control 
group. A third borderline abnormality, inver- 
sion of the T wave in lead aVL, provided almost 
identical adverse experience in persons above 
the age of forty years. When the inverted T 
wave in lead aVL was associated with an up- 
right QRS complex greater than 5 mm., not 
only was the evidence of organic heart disease 
much greater in this group than in the control 
subjects, but the fatalities in an average three- 
year follow-up period were also significantly 
higher. 

In view of the unfavorable aspect of these 

borderline types of T wave abnormalities, it is 
evident that one must regard greater degrees of 
[ wave abnormalities, such as inversion in 
leads 1 and un, and in the precordial leads, 
vith greater concern. It is fair to regard persons 
vith such abnormalities who are above the 
ge of forty years in the same category as those 
vho have recovered from myocardial infarction. 
8oth have coronary artery disease and the 
iture of such patients depends on the further 
rogression of changes in their coronary 
rteries. 
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The mortality rate from coronary artery 
disease may be assessed from Table 1. 


CarpIAC ARRHYTHMIAS 


Some arrhythmias of themselves carry an 
evidently poor prognostic import since they are 
of themselves hazardous. Others are impor- 
tant in that they provide a clue to the presence 
of organic heart disease and in such cir- 
cumstances the prognosis must be appraised 
from whatever associated condition is present. 
In the first category are ventricular fibrillation 
and tachycardia, heart block, and under certain 
circumstances, auricular flutter and fibrillation. 
In the second category the most common 
arrhythmia is extrasystoles. 

Extrasystoles: Some years ago we Carried 
out an analysis of 1,142 applicants for insurance 
policies with extrasystoles or premature con- 
tractions.” In 58 per cent of the applicants 
with extrasystoles or premature contractions, 
no objective evidence of heart disease was found. 
In addition to physical examination and the 
electrocardiogram, fluoroscopic study or a 
teleoroentgenogram of the heart was made in 
most patients. Brachial pulse sphygmograms 
synchronous with the electrocardiogram were 
also recorded in a large number. 

Analysis of this large series indicates that 
ventricular extrasystoles occur with considerably 
greater frequency than supraventricular pre- 
mature contractions, and that in the presence of 
heart disease there is still greater preponderance 
of ventricular premature contractions. Several 
factors were found to increase the significance 
of premature beats. Among these are (1) 
occurrence of premature beats of multifocal 
origin; (2) frequent and persistent premature 
beats, particularly if they occur successively in 
short runs interrupting the regular rhythm; 
(3) a definite increase in the number or a 
“‘shower” of extrasystoles immediately following 
exercise; (4) occurrence of premature contrac- 
tions in the presence of a rapid heart rate, 
i.e., over 90 per minute; (5) inversion of the T 
wave in the next regular beat which follows the 
extrasystole; and (6) postextrasystolic pulsus 
alternans. Any of these findings strongly 
suggest that extrasystoles are caused by organic 
heart disease. 

A study carried out at the Prudential Life 
Insurance Company which comprised 476 
patients with unifocal ventricular extrasystoles, 
237 with unifocal supraventricular premature 
beats and eighty with multifocal premature 
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beats, led to the conclusion that persons above 
the age of forty years with extrasystoles should 
be viewed conservatively from a _ prognostic 
viewpoint. In this study it was found that 71 
per cent of those above the age of forty years 
with extrasystoles had other indications of 
organic heart disease whereas in a comparable 
age group without ectopic beats only 32 per 
cent had evidence of cardiovascular abnormali- 
ties. There was a high incidence of cardio- 
vascular deaths in an average follow up to 5.1 
years, totaling 29 per cent of 372 patients with 
extrasystoles and other cardiovascular abnor- 
malities, compared to a mortality rate of 2 per 
cent in a control group of comparable age. 
When multifocal extrasystoles were present, the 
mortality experience was also highly un- 
favorable. It was concluded on the basis of 
this study that the presence of extrasystoles, 
especially in older age groups, dictates a care- 
ful cardiovascular study. 

Sinus Arrhythmias and Prolonged P-R Interval: 
A surprisingly high incidence of heart disease 
was also found in older persons with marked 
sinus arrhythmia and in both young and 
older persons who exhibited a wide P wave 
exceeding 0.11 second or abnormally high P 
waves, and also in persons with a prolonged 
P-R interval. It is evident that arrhythmias, 
which may be of themselves innocent, never- 
theless often reflect the presence of organic 
heart disease. Particularly in older people one 
cannot, in view of this experience, dismiss 
cardiac irregularities lightly. 


CARDIAC HyPERTROPHY 


Electrocardiographic Criteria for Left Ventricular 
Hypertrophy: It is not generally appreciated 
that the electrocardiogram is more sensitive 
than roentgenologic methods in detecting left 
ventricular hypertrophy. The electrocardio- 
graphic pattern of left ventricular hypertrophy 
or strain has long been recognized, but specific 
criteria indicating the point of departure 
from normal were not established prior to the 
analysis of 940 patients carried out in our 
laboratory. On the basis of this study, left 
ventricular hypertrophy may be considered to 
be present when left axis deviation occurs in 
association with any of the following changes: 
(1) increase in amplitude of the QRS complex, 
best expressed by the sum of R, and S;. Hyper- 
trophy is present if this sum exceeds 2.5 
mv. and is probably present if it is over 2.2 mv. 
The increase in voltage is the earliest electro- 


cardiographic change in hypertrophy. Sub- 
sequent to our study, electrocardiographic 
criteria for left ventricular hypertrophy have 
been elaborated by Sokolow and Lyon using 
QRS amplitude in unipolar extremity and 
precordial leads. These are somewhat more 
sensitive than the limb lead criteria of voltage, 
but less specific and sometimes are falsely 
positive. (2) Any perceptible depression of the 
S-T segment in lead 1, even of as slight degree 
as 0.5mm. (3) Lowering of T, below 1 mm. 
or further degree of abnormality of T;. 

The changes in the S-T segment and the T 
wave may develop in the absence of left axis 
deviation, and left axis deviation is not an 
invariable or necessarily integral part of the 
electrocardiographic pattern of left ventricular 
hypertrophy. The usual occurrence of left 
axis deviation with left ventricular hypertrophy 
in hypertension is due largely to predominant 
obesity with transverse position of the heart, 
which in itself causes left axis deviation. In 
slender subjects with left ventricular hyper- 
trophy left axis deviation is not so frequently 
observed. 

Electrocardiographic Signs of Left Ventricular 
Hypertrophy in Hypertension: Employing our 
criteria we found that evidence of left ventricular 
hypertrophy in the electrocardiogram was 
present considerably more often than roent- 
genologic changes in 100 subjects with 
advanced hypertensive disease.!* Electrocardio- 
graphic and roentgenologic changes do not 
necessarily parallel one another. While electro- 
cardiographic abnormalities occur relatively 
more frequently than roentgenologic changes, 
there also may be definite evidence of left 
ventricular enlargement in the roentgenogram 
while the electrocardiogram is normal. This is 
particularly the case when concurrent right 
ventricular enlargement is present, the opposite 
electrical effects of those chambers balancing 
one another. In analysis of 100 patients with 
advanced hypertensive disease, it was found 
that combined roentgenographic and electro- 
cardiographic study revealed hypertrophy or 
arteriosclerotic changes in 90 per cent. The 
advantage of employing both procedures, there- 
fore, is evident. 

Electrocardiographic Signs of Left Ventricular 
Hypertrophy and Prognosis: ‘The electrocardio- 
graphic patterns of left ventricular hypertrophy 
are of considerable prognostic importance. 
A few years ago we carried out a mortality 
study in an effort to determine whether electro- 
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cardiographic criteria for the detection of left 
ventricular hypertrophy and §arteriosclerotic 
changes would allow classification of subjects 
with elevated deviations from normal blood 
pressure into distinct groups, regardless of 
actual blood pressure levels, and thus provide an 
index of the duration and stage of the hyper- 
tensive disease. ‘This study was carried out with 
reference to the electrocardiographic findings 
and without consideration of the teleoroentgeno- 
gram, although the latter would have contrib- 
uted much to the investigation. 

The material for the study comprised 424 
applicants for insurance policies who were 
examined in the diagnostic laboratory of the 
Equitable home office. In _ practically all 
applicants, the primary impairment which led 
to examination in the diagnostic laboratory was 
hypertension, but not of sufficient degree to 
cause declination as a single factor. Higher 
readings which, in themselves, would have 
dictated declination without further study were 
found, however, in a number of cases at the 
time of home office examination. 

The electrocardiograms of those 424 subjects 
with hypertension were divided into four 
groups: (1) normal electrocardiogram; (2) 
borderline electrocardiogram; (3) pattern of 
ieft ventricular hypertrophy; and (4) evidence 
of myocardial disease with or without left 
ventricular hypertrophy. ‘The data were tested 
for homogeneity as to age, build and blood 
pressure. ‘They were found to be homogeneous 
with regard to age and build, and reasonably 
homogeneous with regard to blood pressure. 
The average blood pressure reading was 
160/100 mm. Hg. 

In view of the relative homogeneity of the 
factors of age, build and blood pressure, the 
increase in mortality from 186 per cent in those 
with normal electrocardiograms to 344 per cent 
in those with the pattern of hypertrophy must be 
considered as correlated with the conditions 
which caused the electrocardiographic changes 
which formed the criteria for the study. It is 
evident that in patients with hypertension who 
present the pattern of left ventricular hyper- 
trophy, as defined by the criteria established 
n this study, the mortality becomes quite 
excessive and high extra premiums for insurance 
policies are necessary. Even the group with 
1ormal electrocardiograms has a mortality of 
186 per cent, but these people are insurable 
with a relatively low extra premium. The 
conclusion appears warranted that the evalua- 
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tion of the duration of hypertension based on 
the electrocardiogram is a valuable and impor- 
tant consideration in the prognosis and insur- 
ability of patients with hypertension. 

The findings abundantly justify the employ- 
ment of more detailed study in the presence of 
hypertension. Since the electrocardiogram 
was normal in only 44 per cent of 424 applicants 
with hypertension, it would appear worth- 
while to record electrocardiograms routinely 
whenever the blood pressure is over 140 mm. 
Hg systolic and 90 mm. Hg diastolic. 


SUMMARY 


The electrocardiogram has definite value 
prognostically as well as diagnostically in its 
major spheres of application, coronary disease, 
cardiac hypertrophy and the arrhythmias. 

This paper reviews the prognostic significance 
and the effect on mortality statistics of these 
types of heart disease. 
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OSS OF consciousness is one of the more 
=, serious problems currently facing aviation 
and space medicine. Split-second human fail- 
ure in the modern supersonic aircraft of today 
and the rocket-propelled space craft of tomorrow 
can have disastrous consequences. At ground 
level syncope is regarded quite casually by the 
lay public and the medical profession alike 
because of the usual lack of complications and 
sequelae. But in the environments of the 
atmosphere and space, transitory loss of con- 
ciousness is more likely to result in serious acci- 
dents with loss of life and property. Therefore, 
it becomes obvious that persons in primary con- 
trol of aircraft must not be prone to syncope. 

Although syncope is a common occurrence, 
little information is available concerning its 
incidence in the general population, in an ap- 
parently healthy adult male population and in 
flying personnel. More important, little is 
known concerning the likelihood of recurrence 
in any given subject, or the relationship of 
clinical syncope to experimental syncope. Cri- 
teria for selection of U. S. Air Force flying 
personnel are based upon an absence of syncopal 
episodes in the past and a rigorous physical 
examination. It is difficult to judge the ade- 
quacy of these technics for selection. However, 
they seem inadequate when an attempt is being 
made to determine whether or not a subject 
who has fainted at ground level is apt to have a 
similar episode during flight. 

The School of Aviation Medicine studied 132 
apparently healthy persons, ninety-seven with 
a history of clinical syncope and _ thirty-five 
without such a history. This survey provided 
an opportunity for reviewing the mechanisms 
resulting in syncope in apparently healthy 
people. It was believed that the incidence of 
such mechanisms would differ from that of the 
general population because of the initial selec- 


tion criteria, and that such classic mechanisms 
as aortic stenosis,'~* anemia and central nerv- 
ous system disorders* would account for little, 
if any, of the syncopal episodes in flying per- 
sonnel. 

MATERIAL AND METHODS 


In an attempt to determine the true incidence of 
syncope in an apparently healthy population of 
young adult men, 5,000 questionnaires were sent to 
Air Force personnel on a single base. It was re- 
quested that the questionnaires be returned unsigned 
to avoid any motivation to withhold information. 
No attempts were made regarding further selection 
within this population. 

Fifty aviation cadets in preflight training volun- 
teered as subjects for a special medical study. As an 
incentive, each was given additional time off from 
duty. None knew that the study was related to loss 
of consciousness. All cadets had previously denied 
syncopal episodes in order to gain admittance to the 
flight training program. Each cadet was assigned a 
number which he selected from a hat. He was never 
identified by name and thus was guaranteed ano- 
nymity. The cadets were then asked to report in writ- 
ing any past history of syncope and the circumstances 
surrounding any episode. The purpose was to ob- 
tain some idea as to the percentage of people entering 
the flying training program who had experienced 
syncopal episodes. It was also hoped that, with a 
battery of special tests designed to test the cardio- 
vascular system, those cadets with a pre-existing his- 
tory of syncope could be selected. The examiners did 
not know the cadet’s history until the special tests 
had been completed. 

An additional eighty-two apparently healthy, fly- 
ing personnel who had experienced 113 syncopal epi- 
sodes were also studied. 

All 132 subjects were studied with a detailed his- 
tory, complete physical examination, complete blood 
counts, erythrocyte sedimentation rate, fasting blood 
sugar, urinalysis, roentgenogram of the chest and 
electrocardiogram. Roentgenograms of the skull 
and additional studies were obtained as indicated 
when a history of syncope was noted. 


* From the Department of Medicine, St. Luke’s Hospital, New York, New York. 
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Special Tests: The fifty aviation cadets and _fifty- 
five of the eighty-two flying personnel were studied 
with a battery of special procedures designed to test 
the cardiovascular system at rest and under stress. 
These studies included observations of the subject’s 
pulse, blood pressure, electrocardiogram, signs and 
symptoms on a tilt table during (1) adjustment to 
being strapped on a tilt table in the vertical position; 
(2) breath-holding at maximum inspiration—in the 
vertical and horizontal positions; (3) rapid hyper- 
ventilation for one minute followed by breath- 
holding—in the vertical and horizontal positions; 
(4) bilateral, but not simultaneous, carotid sinus 
massage of fifteen seconds’ duration—in the vertical 
position; and (5) a fifteen-minute orthostatic toler- 
ance test on the tilt table. 

Finally, a one-minute cold pressor test (hand im- 
mersed in water between 0° and 1°c.) was per- 
formed. The response to intravenous administration 
of atropine (0.8 to 1.2 mg.) was also studied in fifty- 
five cases. 


RESULTS 
Previous History of Syncope: Of the 5,000 


questionnaires sent to Air Force personnel, 
60 per cent were returned. The age range of 
this population was seventeen to sixty-two 
years and the average was 29.1 years. The inci- 


dence of syncope in this population of apparently 
healthy male adults was 7 per cent. 


Loss of 
consciousness associated with severe physical 
trauma was noted in 4 per cent and both syn- 
cope and loss of consciousness due to physical 
trauma in 0.7 per cent. 

Fifteen of the fifty (30 per cent) aviation 
cadets examined admitted to a previous un- 
disclosed history of syncope. The cadets rep- 
resented a relatively young age group. Their 
age range was from nineteen to twenty-seven 
years and the average was 21.1 years. 

Precipitating Factors: The fifteen aviation 
cadets had experienced seventeen syncopal 
episodes and the eighty-two flying personnel had 
experienced 113. Of the total 130 episodes, 
approximately 13 per cent were associated 
with changes in position (orthostatic). Pain, 
breath-holding, psychic trauma and unknown 
factors preceded the syncopal episode in 9.5 
per cent, respectively. Eight per cent of the 
cases occurred during prolonged standing and 
progressively smaller percentages were associ- 
ated with injections (6.5 per cent), exercise (4 
per cent), nausea (4 per cent), urination (4 
per cent), a variety of illnesses (4 per cent), 
resting (3 per cent), hyperventilation (3 per 
cent), increased g force (2 per cent), alcohol 
(2 per cent), carotid sinus massage (1.5 per 


cent), blood donations (1.5 per cent), shaving 
(1.5 per cent) and trauma to the head (1.5 
per cent). Less than 1 per cent of the cases 
were associated with coughing, sudden change 
in temperature and generalized seizures. Many 
of these factors were noted to occur simultane- 
ously in any given syncopal episode and, in 
compiling these frequencies, an attempt was 
made to determine the predominant factor. 

Incidence and Mechanisms of Experimental Syncope: 
Of the 105 subjects studied with special pro- 
cedures, thirty-seven (35 per cent) had at 
least one episode of experimental syncope. 
An additional subject, not studied with the 
special procedures, had clinical syncope in- 
duced by stimulation of the external auditory 
canal and it was noted that syncope could be 
repeatedly induced by such stimulation. Syn- 
cope was associated on every occasion with a 
slow A-V nodal rhythm. Seventy of the 105 
subjects studied had experienced clinical epi- 
sodes of syncope. Twenty-four (34 per cent) 
of these seventy also had experimental syncope, 
whereas fourteen (40 per cent) of the thirty-five 
subjects without clinical syncope had experi- 
mental syncope. 

Within the cadet population, of the fifteen 
subjects who later were noted to have clinical 
syncope, experimental syncope developed in 
seven. Thus, eight other subjects with a 
previous history of clinical syncope did not have 
experimental syncope. Fourteen cadets who 
had experimental syncope denied previous 
episodes of clinical syncope. 

Of the thirty-eight cases of experimental 
syncope, twenty-six (68 per cent) were associated 
with a cardiac arrhythmia or a sudden marked 
decrease in cardiac rate (greater than 40 cycles 
per minute). Ten cases (26 per cent) were 
associated primarily with a fall in blood pressure 
and insignificant changes in the cardiac rhythm 
and rate, and two subjects (5 per cent) mani- 
fested cardiac arrhythmia and an almost simul- 
taneous decrease in blood pressure. Of the 
twenty-six cases of cardiac arrhythmia associated 
with experimental syncope, fifteen (58 per cent) 
were induced by breath-holding in the upright 
position. Carotid sinus massage and hyper- 
ventilation followed by breath-holding with 
orthostasis, orthostasis alone and the cold pressor 
test accounted for the remainder of the arrhyth- 
mias in decreasing order of frequency. The 
following arrhythmias were associated with 
experimental syncope: marked sinus brady- 
cardia, sinus arrest with nodal escape beats, 
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atrial rhythm, A-V dissociation, nodal rhythms, 
nodal tachycardia and asystole. 

There were seventy-four episodes of cardiac 
arrhythmia or a sudden marked decrease in 
cardiac rate (greater than 40 cycles per minute) 
during the special procedures. Not all these ar- 
rhythmias were associated with syncope (ap- 
proximately one-third were). Sixty-six of the 
seventy-four arrhythmias were induced by the 
vertical position and the following maneuvers: 
breath-holding, forty-one (55 percent); carotid 
sinus massage, sixteen (22 per cent); hyperventi- 
lation followed by breath-holding, nine (12 per 
cent). The orthostatic tolerances test resulted in 
seven arrhythmias (9 per cent) and one (2 per 
cent) occurred during the cold pressor test. 

Breath-holding was associated with the fol- 
lowing arrhythmias: marked sinus bradycardia, 
atrial rhythm, atrial premature contractions, 
atrial fusion beats, first and second degree 
atrioventricular block, atrioventricular disso- 
ciation, nodal rhythms, ventricular premature 
contractions and asystole. 

Effect of Atropine: In fifty-five subjects to 
whom intravenous atropine was administered 
and the breathing maneuvers repeated, there 
were no instances of arrhythmia. Administra- 
tion of atropine prevented the development of 
arrhythmia with breathing maneuvers in persons 
who had previously experienced arrhythmia on 
one or more occasions. In some subjects im- 
pending syncope was prevented on several 
occasions by intravenous administration of 
atropine. One patient had experienced a 
clinical history of syncope associated with 
breath-holding and this maneuver had re- 
peatedly resulted in syncope associated with 
arrhythmia. When atropine was given and 
breath-holding performed, the patient’s cardiac 
rhythm did not change, the rate increased, and 
he did not lose consciousness. On two separate 
occasions impending syncope during breath- 
holding was prevented with rapid intravenous 
administration of atropine. 


COMMENTS 


Incidence of Syncope: Syncope is a well recog- 
nized syndrome.® However, the literature usu- 
ally limits comments relative to its incidence 
to such terms as “frequent” or “common.” 
In 1956, Collins® 7 administered a medical history 
questionnaire to 300 airmen at Lackland Air 
Force Base with a 100 per cent return; he 
reported a 22.3 per cent of syncope. In addi- 
tion, in reviewing the applications of personnel 
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for flight training over a period of one year, he 
found less than 1 per cent disqualified because 
of a history of syncope. He attributed this 
large discrepancy of incidence in two com- 
parable groups to the withholding of information 
by the flying applicants, since a history of syn- 
cope was disqualifying for flight training. The 
present study would tend to confirm this con- 
clusion, as fifteen (30 per cent) of the group of 
fifty aviation cadets studied admitted to a 
history of syncope prior to entering the flight 
training program when guaranteed anonymity. 

With a personal interview technic, Guzman- 
Perry*® obtained histories of 300 healthy male 
students at the undergraduate and postgraduate 
levels of training. In this population, he found 
a 15.5 per cent incidence of fainting. 

It is well recognized that a number of valid 
statistical objections can be raised regarding 
some of the incidence surveys mentioned herein. 
Studies having complete return of all question- 
naires with anonymity assured can be statis- 
tically evaluated by applying the principles of 
sampling variation. In the fifty cadets surveyed 
here there is only one chance in twenty that the 
true incidence of previous syncope is less than 
19 per cent or over 42 per cent. Indeed, the 
incidence of clinical syncope was 30 per cent 
in this group. 

Since the incidence survey conducted in this 
study of apparently healthy persons on one 
military base did not have a 100 per cent return, 
the statistical analysis is not valid. Neverthe- 
less, it is interesting when compared to the pre- 
viously reported studies.*~* The 8 per cent 
figure noted in this population would seem to be 
at variance with such studies. But if the 4 
per cent incidence of loss of consciousness due to 
physical trauma is included with the total 
incidence figure, which the other studies did, 
then the incidence becomes 12 per cent. If 
the increased age of this population as compared 
to the previous studies is taken into account, and 
it is assumed that memory for the remote past 
decreases with increasing age, then it can be 
seen that the 12 per cent incidence figure 
in this study is still somewhat lower than might 
be expected. This assumption would seem 
valid since 65 to 70 per cent of syncopal and 
loss of consciousness episodes occurred before 
the age of twenty-one years.°:!° 

Effect of Age: The progressively decreasing 
incidence of syncope and loss of consciousness 
with increasing age would seem to suggest an 
‘increased resistance” to syncope with ad- 


4 
i 
f 
i 


48 Dermksian 


vancing age. This increased resistance to 
syncope could be due to a more stable cardio- 
vascular system with increasing age or to a 
“learning process.” Evidence for a more 
stable cardiovascular system is noted in the 
electrocardiographic survey conducted on 67,375 
subjects by the School of Aviation Medicine." 
There the incidence of passive supraventricular 
arrhythmias, as evidence of vagotonia, was noted 
to be more frequent in youth. The evidence 
for a learning process also seems well established, 
especially in syncope associated with psychic 
trauma. Romano et al.” studied decompres- 
sion sickness and syncopal reactions during 
simulated exposure to high altitude in a de- 
compression chamber. Of seventy-eight sub- 
jects, syncope developed in 18 per cent on the 
first flight. With subsequent flights the inci- 
dence of syncope decreased, although the inci- 
dence and severity of decompression sickness 
remained the same. By the seventh flight, 
the incidence of syncope was 2 per cent. Thus, 
learning and a more stable cardiovascular system 
seem to be two factors associated with the de- 
creased incidence of syncope with increasing 
age in the apparently healthy person. 
Mechanisms of Syncope: More than one mech- 


anism may be involved in any given episode 


of syncope. Loss of peripheral arteriolar resist- 
ance and/or a cardio-inhibitory response 
probably account for most clinical episodes 
of syncope in apparently healthy persons.!° 

1. Inadequate venous return to the left side of the heart 
by pooling of blood in the systemic or pulmonary 
circulation may result in syncope due to a 
temporary decrease in left ventricular output. 
Large varicosities of the lower extremities,*:“ 
decreased venous and arteriolar tone associated 
with orthostatic positive g 
forces,'* pressure breathing, coughing,'® deep 
inspiration’! and the Valsalva maneuver are 
some of the factors which may result in trapping 
of blood peripherally and centrally. In re- 
viewing the 130 clinical episodes of syncope, it 
may be noted that venous mechanisms could be 
implicated in a large percentage of these episodes 
along with cardiac and arteriolar factors. 

2. Disturbances in the muscular pumping action of the 
heart may result in syncope. Diseases of the 
endocardium,!~*:*° myocardium‘:>! and _peri- 
cardium,” as well as a variety of arrhyth- 
mias,*:9-10.28—25 can result in a decreased cardiac 
output and loss of consciousness.7* In this 
healthy young adult male population it could be 
expected that the incidence of syncope second- 


ary to cardiac disease would be quite low due 
to initial screening procedures and subsequent 
routine physical examinations. This is borne 
out by the absence of a single episode of syn- 
cope which could be attributed to detectable 
heart disease. 

Significance of Cardiac Arrhythmia: The number 
of clinical episodes of syncope in this study that 
might have been due to or contributed to by a 
cardiac arrhythmia is unknown since the car- 
diac rhythm at the time of syncope was not 
recorded. However, in evaluating the cardio- 
vascular system of the 105 subjects studied, it 
may be noted that of the thirty-eight cases of 
experimental syncope, cardiac arrhythmia was 
a feature in twenty-eight. 

The significance of cardiac arrhythmias as a 
mechanism of syncope in apparently healthy 
persons had not been stressed in the literature 
until recently. As a mechanism of syncope 
in organic heart disease it is well recognized, 
e.g., Adams-Stokes syndrome,”’:?’ ventricular 
arrhythmias”® and asystole.2* One reason for 
this lack of emphasis on arrhythmias in ap- 
parently healthy persons is the infrequency 
with which we are able to document cardiac 
rhythm during clinical syncope. Another is 
the use of atropine and sodium nitrite in study- 
ing experimental syncope.**:** Atropine has a 
vagolytic action and abolishes cardiac ar- 
rhythmias associated with vagotonia. Adminis- 
tration of sodium nitrite produces a vasode- 
pressor type of syncope with insignificant 
changes in cardiac rhythm. In this study a 
high incidence of arrhythmia was noted because 
atropine was not administered until many of 
the special procedures had been completed. 
That a large variety of arrhythmias may be 
associated with syncope is evident from these 
studies. A sudden change in rhythm with a 
sudden decrease in cardiac output resulting in 
cerebral hypoxia is one of the reasons for syn- 
cope. Another is the decrease in cardiac 
output associated with loss of peripheral ar- 
teriolar resistance. The cumulative effect of 
this combination is probably the most potent 
and most common mechanism of clinical and 
experimental syncope. 

The largest percentage (55 per cent of seventy- 
four cases) of arrhythmias, with or without 
syncope, in this study was produced by breathing 
maneuvers, i.e., breath-holding in the upright 
position. However, such maneuvers as carotid 
sinus massage and orthostatic tests, which are 
classically associated with vasodepressor re- 
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sponses, accounted for 22 and 9 per cent, 
respectively, of the arrhythmias with and with- 
out syncope. This fact is interesting when one 
considers that these subjects had no evidence of 
cardiac disease and it also emphasizes the im- 
portance of cardiac arrhythmias in syncope. 

Reflex Pathways for Cardio-inhibitor and Vaso- 
depressor Responses: All maneuvers which re- 
sulted in cardiac arrhythmias appear to be 
mediated through a common reflex pathway, 
in which the glossopharyngeal and vagus nerves 
play a major role. The pathways have been 
well defined anatomically and adequately 
described.*:*® The respiratory maneuvers, pri- 
marily inspiration, stimulate stretch receptors 
in the tracheobronchial tree, peripheral pul- 
monary parenchyma and the visceral and pari- 
etal pleura (pulmonary stretch reflex).? Im- 
pulses are carried by vagal visceral afferent 
fibers to the medulla. The carotid sinus con- 
tains special nervous end organs which convey 
pressure stimuli via the carotid branch of the 
glossopharyngeal nerve to the medulla. Simi- 
lar receptors are located in the wall of the aortic 
arch and in the right subclavian and innominate 
arteries. The afferent fibers run in the aortic 
depressor nerve to the vagus and to the medulla. 
The efferent arc of these reflexes is mediated 
via vagal autonomic fibers to the cardiac plexus, 
and from there postganglionic fibers terminate 
in the sinoatrial and atrioventricular nodes. 
The primary effect of the right vagus on the 
sinoatrial node is to depress impulse formation 
there, and the left vagus decreases the relative 
refractory period of the atrioventricular node. 
Since all three reflexes are influenced by neurons 
from the respiratory, vasopressor and vasode- 
pressor centers in the medulla, it can be seen 
how eliciting of these reflexes can cause a cardio- 
inhibitory and/or a vasodepressor response. 
There probably are other organ receptors and 
afferent pathways in addition to those men- 
tioned, but the efferent arc resulting in the 
cardio-inhibitory or vasodepressor responses 
remains via the vagus nerve. 

When the cardiac rate is rapid the auto- 
nomic control of the circulation is dominated 
by the sympathetic component. Stresses such 
as prolonged breath-holding, severe physical 
exercise or acceleration may induce such a 
response. As the stress is terminated, autonomic 
control may shift and the parasympathetic 
component may become dominant. In certain 
susceptible persons this can result in passive 
rhythms or marked bradycardia with a precip- 
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ituous fall in cardiac rate. This phenomenon 
is called vagal rebound. 

Breath-holding seems to be a particularly 
potent method of stimulating cardio-inhibitory 
responses. ‘The intravenous administration of 
therapeutic doses of atropine (0.8 to 1.2 
mg.) has been shown to prevent and abolish 
the cardio-inhibitory response to breath-holding 
in all susceptible persons. 

In reviewing the factors associated with the 
130 clinical episodes of syncope it can be seen 
that cardio-inhibitory and vasodepressor re- 
sponses may have been frequently associated 
mechanisms resulting in syncope. This fact 
and the frequency with which such responses 
were noted in experimental syncope in this 
series would suggest that cardiac arrhythmias 
play a more important role in inducing or 
contributing to clinical syncope than has been 
previously suspected. 

Respiratory Maneuvers and Syncope During Flight: 
In the light of the demonstrations that cardiac 
arrhythmias may result in syncope more fre- 
quently than previously suspected, and in view 
of the potency of the respiratory maneuvers, 
i.e., breath-holding in inducing cardiac arrhyth- 
mia in susceptible persons, it can readily be 
seen that such knowledge would have direct 
application to any activity involving respiratory 
maneuvers. This is especially so in aviation 
and space medicine where artificial aids to 
respiration, such as pressure breathing, may trig- 
ger a cardiac arrhythmia and result in syncope 
and death. Hyperventilation associated with 
anxiety, with exposure to altitude or as occur- 
ring in even the most experienced pilots 
in high performance aircraft during certain 
critical periods of flight,®* may result in symp- 
toms which the pilot may attempt to control by 
breath-holding. In the susceptible person, 
an arrhythmia, syncope and death can result. 
The M1 maneuver (forceful expiration against 
a partially closed glottis), which is used to 
increase the pilot’s positive g tolerance, if 
improperly performed may have the same disas- 
trous consequences as breath-holding and/or 
the Valsalva maneuver, i.e., cardiac arrhythmia 
and/or the trapping of blood peripherally and 
loss of consciousness. 

In addition to its relevance in aviation and 
space medicine, the role of vagal reflexes becomes 
an important consideration in sudden death in 
healthy young adults, such as those associated 
with severe physical exertion, athletics (particu- 
larly underwater swimming and diving) and 
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fright. Cardiac arrest in the operating room may 
be due to intubation procedures or artificially 
controlled respiration by the anesthesiologist 
which stimulate the pulmonary stretch reflex. 
This reflex is usually not blocked by small pre- 
operative doses of atropine (0.4 mg. administered 
parenterally). The initiation of micturition 
and paroxysms of coughing may also result in 
syncope by stimulation of the pulmonary stretch 
reflex, in addition to other suspected mecha- 
nisms.!9 .38 

3, Vasodepressor Syncope: Loss of peripheral ar- 
teriolar resistance is a well recognized physiologic 
mechanism resulting in syncope (vasodepres- 
sor syncope). Many authors*:®:“ consider this 
the most common type of syncope. This is 
suggested by the factors associated with the 
130 clinical episodes reviewed here and in 
twelve of the thirty-eight experimental syncopal 
episodes. Vasodepressor syncope has been one 
of the best studied of all types of syncope.*:**:*° 
Psychic trauma or stress with inability of the 
subject to respond with “flight or fight” is a 
frequent precipitating factor in this type of 
syncope. The previously described reflexes, 
in addition to producing cardio-inhibitory 
responses, may produce vasodepressor responses. 
Pain,“ alcohol,® true orthostatic hypotension, ' 
febrile illnesses, bed rest,“ heat, exhaustion, 
and fear‘! may also cause marked diminution 
of peripheral arteriolar resistance. Obviously 
many of these factors may be involved in loss 
of consciousness in flying personnel. In addi- 
tion, positive g forces tend to overcome normal 
arteriolar resistance. A force of 5 to 6 g applied 
parallel to the longitudinal axis of the body 
results in loss of consciousness in most persons 
unless specially protected. It is important to 
remember that cardio-inhibitory responses may 
accompany loss of arteriolar resistance and the 
cumulative effect of both may result in syncope, 
whereas either one alone may not. 

4, Syncope Due to Changes in Blood: 


Qualitative 
and quantitative changes in the circulating 
blood and its constituents is a fourth mechanism 
which may result in or predispose to syncope. 
Qualitative changes would include such factors 
as toxins, hypoxia or anoxia, hypoglycemia, 
hypercapnia and aberrations in acid-base and 


electrolyte balance. Quantitative changes in 
the blood which could induce syncope would 
include acute or chronic blood loss resulting in 
decreased circulating volume and/or decreased 
mass of red cells. Dehydration from any cause 
may result in a decreased circulating volume and 


result in syncope. Urination, resulting in 
collapse of a distended bladder, may result in 
sudden dilatation of the vascular bed and a 
relative decrease in circulating blood volume 
followed by syncope. 

In this series of 130 clinical episodes of syn- 
cope, qualitative and quantitative changes in 
blood alone were suspected or found to be 
infrequent causes of syncope. Such changes 
in the blood are rarely severe enough by 
themselves to result in loss of consciousness. 
Usually they lower the subject’s threshhold to 
syncope, so that an additional minor stress will 
result in syncope. For example, severe hypo- 
glycemia (blood sugar less than 40 mg. per 
cent) will usually result in loss of consciousness, 
but less severe hypoglycemia is more frequently 
associated with disturbances in mental state and 
predisposes toward syncope.*® Qualitative or 
quantitative changes alone in the blood usually 
result in syncope by direct action on the central 
nervous system or indirectly through the cardio- 
vascular system. 

5. Syncope Due to Abnormalities of Nervous System: 
Abnormalities of the central and peripheral 
nervous systems are another mechanism which 
may be involved in clinical syncope. This 
would include vascular anomali¢s resulting in 
hemorrhage, also hemorrhage associated with 
hypertension and trauma, cerebral thromboses, 
tumors, infections, metabolic and convulsive 
disorders and other disease of the brain, spinal 
cord and peripheral nerves. Such abnormali- 
ties may result in syncope directly through action 
on the central nervous system or indirectly 
through the cardiovascular system.**-*8 In 
two cases of experimental syncope in which 
electroencephalographic studies were _ per- 
formed simultaneously with the electrocardio- 
gram and blood pressure observations, it was 
clearly evident that cardiac arrhythmias pro- 
duced changes in the circulatory dynamics 
before electroencephalographic changes were 
noted. 

In the series of 130 episodes of syncope re- 
viewed, there was only one case due to an ab- 
normality of the nervous system, and that was a 
generalized seizure disorder of undetermined 
etiology. Neurologic examination, including 
the electroencephalogram with provocative 
studies, failed to disclose any abnormality, and 
it was only through a subsequent observation 
of another seizure that the diagnosis was made. 
This low incidence of loss of consciousness due 
to a seizure disorder seems compatible with 
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the 0.5 per cent figure quoted for the general 
population.‘ Again the low incidence of 
neurologic disorders resulting in syncope in this 
study is due to the initial selection technics for 
this population. 

In addition to the vasodepressor and cardio- 
inhibitory type of syncope associated with 
carotid sinus massage, Weiss and co-workers™ 
described a type of cerebral syncope during 
which there was no change in cardiac rate, 
rhythm and blood pressure. Administration of 
atropine and epinephrine had no effect on the 
episode of syncope. They hypothesized two 
possible mechanisms: (1) cerebral arterial 
spasm and (2) a reflex to cerebral centers 
associated with unconsciousness. In this series, 
there was one similar case of experimental 
syncope. 


PROCEDURES TO DETERMINE SUSCEPTIBILITY 
TO SYNCOPE 


One of the purposes of this study was the hope 
that the special procedures used to stress the 
cardiovascular system would aid in differentiat- 
ing those subjects who had experienced clinical 
syncope from those who had not. It was 
thought that the group of cadets would be best 
suited for this part of the study since it could 
serve as its own control group and there was no 
prior knowledge regarding clinical syncope in 
any given subject. Since 45 per cent of the 
cadets with a clinical history of syncope had 
experimental syncope (55 per cent who had 
clinical syncope did not have experimental 
syncope) and 40 per cent without clinical syn- 
cope had experimental syncope, it was obvious 
that the response to the special procedures 
could not be correlated with the clinical his- 
tory, and as such the studies had no predictive 
value. Similar conclusions are obtained when 
the fifty-five flying personnel are compared 
with the thirty-five cadets without a clinical 
history of syncope. 

One of the problems in using any test proce- 
dure to determine susceptibility to syncope is 
individual variation from day to day. Fatigue, 
poor hygienic habits, emotional stress and other 
temporary situations may cause transitory sus- 
ceptibility to clinical and experimental syncope. 
These factors may not be present during subse- 
quent test procedures. 

To test the clinical observation® that the inci- 
dence of syncope decreases with age, the in- 
cidence of experimental syncope in the cadets 
(average age 21.1 years) was compared with 


jJuLy 1960 


that in the flying personnel (average age 29.1 
years). The incidence of experimental syncope 
in the younger cadets was 42 per cent as opposed 
to 25 per cent in the older flying personnel. 
This supports the proposition of decreasing 
incidence with increasing age, perhaps due to 
non-specific learning process in some and to 
change in autonomic control of the circulatory 
system in others. 


SUMMARY AND CONCLUSIONS 


A healthy young adult male population was 
surveyed in an attempt to determine the 
incidence of clinical syncope. The factors 
associated with 130 episodes of clinical syncope 
were reviewed in an attempt to determine 
their frequency. One hundred five subjects 
(seventy with and thirty-five without clinical 
syncope) were studied with special procedures 
designed to stress the cardiovascular system and 
determine the cardiovascular mechanisms re- 
sulting in experimental syncope. In addition, 
it was hoped that such procedures might dis- 
tinguish those subjects with clinical syncope 
and thus have predictive value. 

Thirty per cent of the aviation cadets were 
found to have had previous episodes of syncope. 

The known factors most frequently associated 
with clinical syncope were orthostatic influences, 
pain, breath-holding or deep breathing, psychic 
trauma and prolonged standing. Frequently 
more than one factor contributed to the syncopal 
episode. 

The special cardiovascular stresses revealed a 
surprisingly high incidence of cardiac arrhyth- 
mias in normal healthy adult men. These 
were most frequently produced by breath-hold- 
ing in the vertical position and ranged from 
marked sinus bradycardia to asystole. Of 
the thirty-eight cases of experimental syncope 
68 per cent were associated with an arrhythmia. 
It was thought that the arrhythmias were sec- 
ondary to cardio-inhibitory responses mediated 
through the vagus nerve. They could be 
abolished or prevented with intravenous ad- 
ministration of atropine. 

The special procedures failed to distinguish 
between persons with previous syncope and those 
without, and thus had no predictive value. 
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Telemetering Physiologic Responses 


During Experimental Flights" 


NorMAN LEE Barr, M.D. and ROBERT B. VOaAs, PH.D. 


Farmingdale, New York 


— technology has made it possible to 
transmit to remote locations nearly all 
physiologic responses which involve external 
electrical, mechanical or thermal changes. 
Since 1947 the Bureau of Medicine and Surgery 
has been sponsoring a project on “the transmis- 
sion of physiological responses from air to ground 
by electronic methods.’ Under the program, 
equipment has been developed for telemetering a 
large variety of physiologic responses of persons 
in aircraft under operational conditions, es- 
pecially those participating in hazardous ex- 
perimental flights. 


TELEMETERING SYSTEMS 


Figure 1 presents in diagrammatic form the basic 
equipment required for telemetering physiologic 
responses. The electrical changes picked up or 
produced by the electrodes, thermistors and strain 
gauges are amplified and fed through subcarrier 
oscillators. This procedure imposes the voltage 
changes from each of these transistors on separate 
carrier frequencies which are then mixed or combined 
and after a further stage of amplification transmitted 
over a standard UHF frequency. At the ground 
station this transmission is picked up by a receiver, 
amplified once again and then the subcarrier fre- 
quencies are unscrambled by the use of a discriminator 
for each item of information. This information can 
then be presented on an oscilloscope, over a speaker 
or by means of an ink writer. If a speaker or ink 
writer is used a further stage of amplification is 
required. All data can be permanently stored 
by recording the signals prior to putting them through 
the disciminator. Physiologic responses from pilots 
beyond the radio range of the home station can be 
monitored by relaying information from remote 
stations to the home station by means of telephone 
lines. This additional relay procedure permits the 
recording of physiologic responses from any point 
on Earth which is within the range of one radio 
station. 

Technical Problems: The transmission of responses 


Langley, Virginia 


over radio lengths involves a number of problems 
not encountered in laboratory electrophysiologic 
recording. Space does not permit a full discussion 
of these problems; however, several of the primary 
problems should be mentioned. The vibration of the 
plane and the activity of the pilot often make the 
securing of electrodes more difficult than under 
normal laboratory circumstances. It is also not 
possible to electrically shield the subject; therefore 
electronic noises interfere with the recording. All 
electronic equipment must be adapted for the air- 
craft’s power supply. In addition, since this power 
supply is less stable than that usually available on 
the ground, special filtering must be developed. 
Another significant problem is the width of the 
carrier band. The frequency width of the carrier 
determines the maximum range of frequencies which 
can be transmitted. Several physiologic responses 
can be placed on the same carrier frequency if, 
as in the case of the electroencephalogram and the 
electrocardiogram, they have limited frequency 
ranges. On the other hand where a broader spectrum 
of frequency occurs, such as in the electromyogram, 
fewer measures can be sent with the same carrier 
frequency. Another problem not generally encoun- 
tered in the laboratory is that of the size and weight of 
the equipment. The equipment must fit within the 
aircraft. Miniaturization of electrical components 
has brought this problem fairly close to solution. 
Where necessary, the weight and space require- 
ments of electronic equipment can be reduced so 
that they become a minor factor. Radio transmission 
during poor weather conditions introduces noise 
into the system. To minimize this, FM transmission 
is used. A final difficulty in remote recording is 
that in the case of a poor recording it is not possible 
to check the leads and connections on the pilot 
immediately and it is sometimes difficult to deter- 
mine the cause of any malfunction. Despite these 
many problems, electrophysiologic responses of 
varied types have been successfully transmitted for 
long distances by radio equipment. With equip- 
ment developed under this program, it is possible to 
transmit into the laboratory almost any electro- 
physiologic response which can be recorded. 


* From the Aeronautical Division, Bureau of Medicine and Surgery, Department of the Navy, Washington, D. C. 
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TABLE I 
Schematic Analysis of Stress Reactions and Their Effects on Pilot’s Performance 


Stressful Conditions 


Conscious feelings 
Fear 
Anger 
Excitement 
Boredom 


t 

Threat of physical injury | 
Task-induced stress 

Time pressures 

Task complexity 

Prolonged work periods / 
Confinement 
Lack of stimulation 


Psychologic stresses 


perature, etc.) 


Stress Reactions 


Physiologic energy mobilization 

Measures taken in flight (electrocardiogram, 
electromyogram, electroencephalogram, gal- 
vanic skin response, breathing rate, skin tem- 


Stress Effects 


Psychologic performance 


Performance during flight 
Performance after stress 
Flicker fusion threshold 
Mirror drawing 
Digit span 
Digit symbol 
Digit addition 
Color conflict 


Ps Change in blood and urine constituents occur- 
ring during stress but measured following the 


flight 
Physiologic stressors 
G stress 
Habitability 
Oxygen tensions 
CO; tension 
Pressure changes 
Temperature 
Radiation problems ————> 
Zero gravity 


Physiologic decrement (injury) 


Measures taken in flight (electrocardiogram, 
electromyogram, electroencephalogram, gal- 
vanic skin response, breathing rate, skin 
temperature, etc.) 


Change in blood and urine constituents occur- 
ring during stress but measured following the 


flight 


REACTIONS TO STREsS 

The equipment described has made possible 
the study of physiologic responses of man and 
animals during actual flights. Such studies 
have been directed at the problem of human 
psychologic and physiologic reactions to stress. 
The theoretical approach used in these studies 
of stress is schematized in Table 1. This ap- 
proach divides the problem into three areas: 
the stressful conditions themselves; the emo- 
tional reaction of the person to these conditions; 
and the effects of his reactions on his perform- 
ance. ‘The stressful conditions can be divided 
into two broad categories: physiologic stressors 
and psychologic stressors. The physiologic 
stressors are those physical factors of the en- 
vironment of the cockpit such as oxygen and 
carbon dioxide tension, and pressure and tem- 
perature changes of which the pilot may or may 
not’ be aware. These physiologic stressors 
generally produce their effects by direct action 
on the body and its functioning. For example, 
hypoxia may produce unconsciousness without 
psychologic awareness. Psychologic stressors, on 


the other hand, typified by the threat of physical 
injury, confinement, or the time pressures and 
complexity of the task required of the pilot, 
generally produce their effects by provoking an 


emotional reaction within the person. Such 
emotional reactions are accompanied by con- 
scious feelings such as fear, anger, excitement or 
boredom, and by a physiologic mobilization of 
energy which generally results in increased heart 
rate and blood pressure, reduced gastric mo- 
tility, etc. If the subject is aware that he is 
being affected by a physiologic stress, then it 
may also affect him in the same manner as a 
psychologic stress. For example, if the pilot is 
aware that his oxygen mask is not functioning 
properly, he may recognize a threat to physical 
energy and experience a reaction of fear. 
Methods of Analyzing Stress Reactions: The first 
step is to analyze the stressful conditions to 
determine which stressors are of most significance 
in a given situation. Methods are then de- 
veloped to rate or measure the severity of the 
stress. Where psychologic stresses are involved 
it is frequently possible to set up ratings of the 
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STRESS REACTION 
EMOTIONAL OR ENERGY MOBILIZATION 
REACTION MEDIATED PRIMARILY BY: 


1 


(1) 4 
THE AUTONOMIC NERVOUS 


SYSTEM F HORMONES SECRETED BY 
| ADRENAL GLAND 
measured by measured by 
] 
KG HEART REA TH ING PSYCHOGALVANIC SKIN TEMPERATURE PULSE ACTUAL AMOUNT OF HOR- THE EFFECTS OF 
ICTION RATE SKIN RESPONSE (PERIPHERAL VASO PRESSURE MONE AND METABOLIC END ADRENAL CORTICAL 

(PALMER CONSTRICTION OR PRODUCTS EXCRETED IN HORMONES ON 
SWEATING) DILATION THE URINE BODILY PROCESSES 


Fic. 2. 


severity of stress encountered on particular 
flights. For example, routine training flights 
may have low levels of stress while operational 
flights in bad weather or with live ammunition 
may involve high levels of stress. Therefore, 
it is generally possible to rank the levels of stress 
involved in various flights and to compare the 
reactions of the pilot to each type of flight. In 
the case of physiologic stress it is frequently 
possible to make more direct and accurate 
measurements. For example, pressure changes 
and g levels in the aircraft may be measured and 
telemetered. Once a method of measuring or 
rating the severity of the stressful conditions has 
been developed attention is turned to the meas- 
urement of the pilot’s reaction to stress. Two 
major types of measurements are available. 
Measurements of electrophysiologic responses 
may be made during flights and telemetered. to 
the ground, or blood and urine samples may be 
taken before and after flights and the change of 
their constituents measured. Figure 2 illustrates 
the theoretical mechanism of these methods. 
rhe electrophysiologic measurements made dur- 
ing flight are primary responses mediated by 
autonomic nervous system activity. They give 
information on the emotional response and the 
physiologic status of the subject during the 
period of flight. The blood and urine measure- 
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Theoretical mechanisms underlying methods of measuring pilot’s reaction to stress. 


ments primarily reflect the activity of the adrenal 
cortex and medulla. These chemical effects are 
initiated during the period of high stress and 
persist for some time after the end of stress. 
Both types of measurements give information on 
the reactions of the subject to the stresses he has 
encountered. 

Effects of Stress on Performance: If the stressful 
conditions are severe enough they lead via either 
an energy mobilization reaction or a physiologic 
decrement to an alteration in performance. 
Studies of performance under stress indicate that 
there is extreme variability in response to stress- 
ful conditions. On the one hand, people vary 
in their emotional response or the physiologic 
decrement produced by stressful conditions and, 
on the other, they vary in the amount a given 
emotional response or physiologic decrement will 
affect performance. Six major effects of stress- 
produced emotional responses may be noted: 
(1) The stress-produced energy mobilization 
improves performance of simple tasks and re- 
duces performance of complex tasks. This re- 
sults from the fact that simple tasks are pri- 
marily related to the level of energy expended 
upon them, while the performance of complex 
tasks is more related to previous learning and 
higher mental processes which may be upset or 
interfered with by high levels of energy mobili- 
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zation. (2) Large motions may be improved or 
unaffected by stress while small delicate move- 
ments will generally be disrupted by stress. (3) 
There is frequently an increase in nervousness 
and tremors which interfere with fine movement, 
and an increase in speed of reaction, with a 
decrease in accuracy of performance. The sub- 
ject is more easily startled; he will react more 
rapidly but his reactions are generally diffused, 
not well defined, and therefore reduced in ac- 
curacy. (4) Attention to the critical factors for 
a given test is reduced by focusing attention on 
unimportant or irrelevant factors which are not 
related to the task being performed. For 
example, attention may be focused on the sub- 
ject’s own feelings or on an external source of 
danger rather than on the task at hand. (5) 
Stress causes people to be less flexible in their 
response. (6) Finally, subjects may regress in 
their behavior to simple more direct approaches 
to the problem. Since the pilot’s task is highly 
complex and requires fine and accurate move- 
ment, complete attention to the task at hand 
and flexibility in meeting emergencies, it should 
be expected that the effect of stress-produced 
emotional reactions or physiologic decrement 
would be to reduce the efficiency of the pilot’s 
performance. 

Methods of Measuring Pilot’s Performance During 
Stress: Two approaches are generally open for 
the measurement of the pilot’s performance. 
(1) Performance of the pilot’s mission may be 
measured. The problem is that success of the 
mission is generally a poor measure of pilot’s 
performance since it is frequently highly de- 
pendent on a number of other factors such as 
weather and performance of the aircraft which 
are not related to the pilot’s performance. 
(2) An alternate approach is to give special per- 
formance tests to the pilot. Since the pilot is 
usually fully occupied during the period of the 
flight itself, such tests must precede or immedi- 
ately follow the actual period of stress. A num- 
ber of psychologic tests which have been shown 
to be sensitive to the effects of stress are available 
for this purpose. The major problem here is 
that by the time it is possible to make such meas- 
urements the stress reactions have frequently 
disappeared. 

Applications of Procedures: The equipment and 
procedures described herein are used for 
two purposes: first, to monitor the safety 
of hazardous operations, and second, to 
supplement laboratory stress studies with 
data on human reactions under the ac- 


tual environmental conditions encountered in 
flight. The goal of the operational research on 
stress, like that of the laboratory programs of 
research on stress, is to determine the relation 
between the intensity of the stressor and the 
amount of reaction to stress (either energy 
mobilization or physiologic decrement) and to 
measure the extent to which the reaction to 
stress may affect performance. Monitoring the 
safety of operational flights requires accurate 
data on the relation between the physiologic 
measures which are part of the reaction to stress 
and their effect on the performance of the pilot. 
The desire is to detect in advance dangerous 
physiologic conditions which may promote a 
decrement in performance resulting in an acci- 
dent. The three-part analysis of this problem 
appears to be an improvement over many of the 
approaches to stress used in the past. Fre- 
quently, studies on stress have considered two of 
these three phases. The results of such studies 
are frequently difficult to interpret because the 
experimenter who does not measure the physio- 
logic reactions to stress often fails to demonstrate 
that his subjects were aware of or affected by the 
stressors which he applied. On the other hand, 
some investigators deal only with the physiologic 
reactions to stress. However, since a given 
amount of decrement or energy mobilization 
may produce differing amounts of decrement in 
performance, the significance of emotional dec- 
rement cannot be evaluated. It should be 
kept in mind that a certain level of energy 
mobilization is necessary for the proper per- 
formance of many tasks. Therefore, the exist- 
ence of an emotional reaction does not neces- 
sarily indicate that the pilot’s performance is 
adversely affected. The essential question is 
“Is the emotional reaction great enough to 
produce a decrement of performance?” 


MONITORING SAFETY OF HAZARDOUS FLIGHTS 


The hazards which confront man in flight are 
well known. Of particular importance are 
those factors which, because of man’s limited 
sensory equipment, may incapacitate him with- 
out his awareness. An example of this type of 
hazard is the problem of hypoxia. Man has no 
sense organ to detect the lack of oxygen. 
Therefore, he may fall into a hypoxic state with- 
out being aware that he is in trouble. With the 
pilot already overloaded with instruments to 
watch, oxygen gauges and warning systems are 
only a partial answer to this problem. Where 
special hazards are expected, as in stratospheric 
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PILOTS 
Fic. 3. Heart rates of four experienced pilots before and during various types of jet 
flights. A, B, C and D represent the four pilots. 1, daily physical-standing pulse rate. 


2, immediately after flight. 
launch point. 


balloon ascents, telemetering equipment makes 
it possible to monitor such physiologic responses 
as heart rate, breathing rate and oximeter 
readings from the ground. This permits the 
flight surgeon to detect the first signs of trouble 
and take appropriate action. For this purpose, 
criteria for terminating stressful flights must be 
adopted. 

The problem is to obtain sufficient informa- 
tion about the normal variation of such physio- 
logic functions as heart rate and breathing rate to 
establish maximum safe levels to be permitted 
during the flight. Unfortunately, experience 
has indicated that the usual concept of normality 
does not apply in flight operations. For 
example, when responsibility for monitoring the 
safety of the stratolab balloon ascents was first 
assigned, a group of experts in medicine and 
physiology were brought together to determine 
the maximum safe levels of heart rate, respira- 
tion and other physiologic measurements. 
As a result of this conference, maximum ac- 
ceptable heart rate was tentatively set at 130 
per minute and the maximum safe rate of in- 
spiration respiration was tentatively set at 30 
per minute. However, these criteria were soon 
abandoned. The first operation in which there 
was an attempt to apply these criteria was a 
balloon ascent in an open basket through a 
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3, captive flight. 


4, average for air launch. 5, rate at 


thunder cloud. Psychologically, this ascent 
was highly stressful since the turbulence and 
electrical build-up within the cloud presented a 
definite threat to the operation’s safety. Electro- 
cardiographic and respiration rate recordings 
from one member of the two-man crew indicated 
that his heart rate was 180 and his respiration 
rate 70 per minute before the gondola left the 
ground. These high rates were maintained 
throughout the early part of this particular 
operation. Thus, it was impossible to enforce 
the original criteria. 


Another problem encountered in monitoring the 
safety of an operation is illustrated by the data in 
Figure 3. This illustration gives the heart rates 
collected from four experienced pilots as part of the 
study of stress in operational flying. Measurements 
of heart rate were made both on the ground and 
during various types of jet flights. The left-hand bar 
gives the average heart rate recorded during daily 
physical examinations. These are standing pulse 
rates taken on the ground. The next bar indicates 
the average pulse rate taken immediately after return 
from a jet mission while the pilot was still seated in 
the cockpit. The third bar indicates the average 
pulse rate during routine training flights involving 
no particular stress. The fourth and fifth bars give 
the average rate during stressful live firing runs and 
the heart rate at the point of maximum stress in this 
firing run, respectively. The point of particular 


160/— 
145+- 
if 
t 


60 Barr and Voas 


interest is that while the heart rate of all pilots 
increases to some extent during the flight when 
compared to standing pulse rate on the ground, 
the pulse rate of two of the pilots shows a very much 
larger increase than that of the other two. This 
large individual difference in reaction to an essenti- 
ally similar condition makes the application of a 
set criteria for terminating flights impossible. Rather, 
criteria specific to the pilot must be formulated on the 
basis of a thorough preliminary study of the responses 
of each subject. 


Underlying the facts that the usual concepts of 
normal physiologic functions do not apply in 
the aircraft, and that large individual differences 
in reaction occur, is the effect of emotional re- 
sponses obscuring the responses to the physi- 
ologic stressors. Hypoxia may produce an in- 
crease in breathing rate and an increase in heart 
rate. However, emotional responses appear to 
have a much larger effect on breathing and heart 
rate and therefore are likely to obscure any 
effects due to hypoxia. This is true even though 
the measurements are taken on highly experi- 
enced successful flyers who would be expected 
to show a minimum of emotional reactions dur- 
ing flight. It is also important to be aware that 
despite these large changes in physiologic 
response, the pilots were able to perform this 
mission with no apparent decrease in efficiency. 


OPERATIONAL RESEARCH 


There are two basic approaches to the prob- 
lem of determining the effects of flight on the 
living organism. 

One approach might be termed a laboratory 
experimental method. In this procedure data 
about the environment encountered in flight are 
collected by instruments on the ground or in 
special vehicles such as high altitude balloons. 
On the basis of these data this environment can 
be simulated in the laboratory for biologic 
studies. 

Another, the operational approach, is to place 
an organism in the plane and study its reactions 
under actual flight conditions. Obviously these 
two approaches are not mutually exclusive alter- 
natives. Since each has unique advantages 
both should be and are being carried on at once. 
The primary advantage of laboratory procedures 
is the precise control that can be exercised over 
the environment itself, and over the physiologic 
and psychologic measurements of the subject’s 
reaction to this environment. Precise control is 
not possible in the operational approach; 
however, there are important advantages to this 


procedure. Most obvious is the fact that not 
all the effects of flight may be simulated in the 
laboratory. For example, travel in or on the 
border of space involves weightlessness which 
cannot be simulated completely in the labora- 
tory. Moreover, in the laboratory it is usually 
possible to simulate only one or two com- 
ponents of the total flight environment at any 
one time. An organism may be able to adjust 
to partial simulation but break down under the 
impact of the additional stresses present in the 
actual flight environment. Nor, finally, can we 
be sure that all the hazards of such new areas as 
space flight have been identified. Only survival 
in space will demonstrate that this new frontier 
has been conquered. 

For the purpose of in-flight research, man is 
the most valuable subject since it is to him that 
we must apply data from any experiment. 
However, when, as in space flight, the hazards 
are too poorly understood to warrant risking the 
life of a human being, lower animals serve as 
subjects. The man or animal and his compart- 
ment serve essentially as a biologic instrument on 
which to record the effects of the environment 
to be studied. The important features of this 
equipment, as with any mechanical or electronic 
instrument are sensitivity, reliability and dur- 
ability. In addition, because of the limitations 
of the vehicle, considerations in size, shape and 
weight are also important. If the instrument 
is to be used in or near the borders of space, 
it will have to be completely self-contained, re- 
quiring no outside source of energy. Like all 
instruments this biologic measuring device re- 
quires calibration. In order to obtain a maxi- 
mum of information from the physiologic and 
psychologic measures available, control data 
must be collected under normal, non-stressful 
conditions and under simulated stress of various 
types in order that the normal and the stress 
response levels of these measures for each sub- 
ject will be known in advance. This involves a 
series of preflight tests under non-stress conditions 
and during exposure to such stressors as in- 
creased g, reduced pressure, reduced oxygen 
tension and variations in temperature. Typical 
patterns of reaction under these conditions must 
be determined. Once determined it is then 
possible to contrast the telemetered data with 
these control measurements. These preflight 
control data are particularly important in the 
case of animals in space vehicles since, at least at 
first, it will not be possible to return the animal 
to the ground. In such a case the value of the 
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telemetered data is almost entirely dependent 
upon the adequacy with which the animal’s re- 
sponses have been studied prior to the actual 
space flight. During the actual operation itself 
the basic problem is to record the condition of 
man or animal at all times and to determine 
whether it is performing up to the expected level. 
The cause of unexpected patterns of physiologic 
activity or of a performance decrement must be 
determined against the background of informa- 
tion previously obtained on the characteristic 
response of the organism. 


SUMMARY 


Modern technology has provided means for 
transmitting to remote locations nearly all 
physiologic responses which involve external 
electrical, mechanical or thermal changes. 
These developments have made it possible to 
make precise physiologic measurements under 
operational conditions of the type that only a 


short time ago were limited to the laboratory. 
Since transmission of these responses is possible, 
the pilot’s physiologic reactions may be moni- 
tored from the ground in order to protect him 
from environmental hazards to which he is 
insensitive. A major problem which arises in 
connection with this procedure is that emotional 
responses obscure physiologic reactions, resulting 
in reactions beyond what are normally con- 
sidered safe and producing large individual 
differences in reactions. To overcome these 
problems careful studies of each subject to be 
monitored must be made prior to the actual ex- 
perimental flight. Telemetering also permits 
experimental study of stratosphere and space 
flights. Here again, control data are essential 
since in many cases it will not be possible to re- 
turn experimental animals to the earth and 
therefore all information on their status in space 
must be gathered by comparing telemetered 
physiologic recordings with control data col- 
lected on the ground. 
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Vectorcardiography in Aerospace Flight 


Applications and Rationale* 


Maj. GeorceE B. Smiru, JR., Mc, USAF and LAWRENCE E. Lamp, M.D., F.A.C.C. 


San Antonio, Texas 


ECTORCARDIOGRAPHY promises to be an 
important tool in evaluating 
the cardiovascular status of the pilot and 
in monitoring cardiovascular function during 
aerospace flight. The problem of assessing 
the cardiovascular status of the asymptomatic 
healthy-appearing American man is well known. 

Utilizing vectorcardiographic principles de- 
tailed in this report, it is possible, in many 
instances, to separate electrocardiograms con- 
sistent with infarction that are in reality due to 
electrical field or anatomic factors from true 
examples of infarction. ‘The importance of 
this distinction in the man to be in primary 
control of high performance aircraft is obvious. 
Statistical analysis of change in QRS amplitude 
in routine electrocardiograms has demonstrated 
a correlation of amplitude with increasing age.' 
This important point means the intensity of the 
electrical field generated by the heart diminishes 
with age and that accurate quantitive three- 
dimensional analysis as provided by the quanti- 
tive vectorcardiogram should provide an index 
to aging of the heart. 

Evaluating cardiovascular function during 
flight necessitates an electrical approach. 
Cardiac output cannot be measured by dye 
dilution curves, catheterization studies or a 
host of other common laboratory procedures. 
The order of ventricular excitation with the 
cone concept suggests that some index of 
cardiac dynamics can be studied by three- 
dimensional electrical analysis. Study of the 
electrocardiogram in different phases of respira- 
tion has demonstrated changes in QRS am- 
plitude which seem to be related to physiologic 
changes in filling of the right and left ventricles.’ 

Aerospace flight requires that the participant 
be exposed to increased gravitational force (g) 
and in certain flights, the weightless state. 


These alterations in g force result in cardiac 
displacement. An accurate evaluation of S-T 
segment and T wave changes requires a three- 
dimensional comparison to QRS events to 
prevent misinterpretation of simple positional 
changes. For these reasons recording from 
three vectorcardiographic leads is desirable 
for monitoring purposes. The methods out- 
lined in this report have been successfully used 
in human subjects utilizing the F-100 aircraft 
and flying parabolas that induced increased g 
load as well as transitory periods of weightless- 
ness. An adaptation of the method was at- 
tempted with somewhat less success in the small 
primate studies carried out in missile shots. 

The purpose of this report will be to high- 
light some basic principles of vectorcardiog- 
raphy, not commonly appreciated, that in- 
fluence its applicability in aviation. A funda- 
mental knowledge of the relationship of the 
vectorcardiogram to cardiac events and to the 
routine electrocardiogram is essential in assessing 
each tool’s proper place in aviation cardiology. 
A subsequent report will detail its application 
to the problem of silent infarction.* 

Vectorcardiography has done a great deal to 
dispel the maze of misconceptions in and 
complexity of electrocardiography. It has 
provided a more scientific basis for three- 
dimensional analysis of the electrical events of 
the heart. In so doing it has destroyed the 
mystery surrounding pattern electrocardiog- 
raphy with its infinite number of variations, 
recorded by innumerable electrocardiographic 
leads. By adding additional parameters for 
three-dimensional vectorial analysis, by provid- 
ing a more satisfactory undistorted lead system 
for the human body and by providing a whole 
new concept in instrumentation, vectorcardiog- 
raphy has provided a more sophisticated 


* From the Department of Internal Medicine, School of Aviation Medicine, The Aerospace Medical Center, Brooks 


Air Force Base, San Antonio, Texas. 
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Fic. 1. 
model. 


the same model. 


At the left is a frontal view of a three-dimensional vectorcardiographic 
The smallest loop in the center is the P loop; the larger loop in the 
center is the T loop; the largest loop is the QRS loop. Each black time marker 
on the QRS loop represents 0.01 second. Af the right is the left sagittal view of 


The QRS loop moves in the anterior direction first. The ter- 


minal portion of the QRS loop continues directly into the T loop without closures 
and is analogous to S-T segment displacement on the electrocardiogram. This 
vectorcardiogram is from an athlete training for the Pentathlon events of the 


Olympics. 


approach to the study of the electrical events of 
the heart. 


ELECTROPHYSIOLOGIC BASIS OF 
VECTORCARDIOGRAPHY 


Since the heart is a three-dimensional organ, 
not a strip of muscle, the electrical forces 
created by it have three dimensions. Although 
many different regions of the heart may be 
electrically active at any one time their result- 
ant effect can be depicted as a single vector 
(dipole vector). As new regions of the heart 
become electrically active the orientation of the 
dipole vector changes. If the electrical activity 
is measured from sites remote from the heart 
the successive dipole vectors behave as if 
they acted on a single point of origin. This is 
particularly true for ventricular excitation. 
As the orientation of the dipole vector changes, 
its rotating tip describes a three-dimensional 
arc, curve or loop. When the heart is at rest, 
no significant forces are measured and the 
dipole vector, consequently, has a magnitude of 
zero. During atrial excitation a force is 
created, and as the dipole vector changes its 
orientation its tip describes a spatial pathway or 
oop, called the P loop. At the completion of 
itrial excitation there is again little or no 
neasurable electrical force and the magnitude 
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Large T loops are frequently seen in the athlete. 


of the dipole vector is zero. Similarly, ventric- 
ular excitation and recovery create a series of 
changing dipole vectors which may be rep- 
resented respectively by the QRS and T loop 
of the vectorcardiogram (Fig. 1). 

The heart normally undergoes excitation and 
recovery in a systematic fashion, not in a 
disorganized, random sequence. Failure to 
appreciate the orderly sequence of ventricular 
excitation has led to considerable folklore 
concerning the electrocardiographic diagnosis of 
septal myocardial infarction, septal vectors and 
a host of other unsound concepts. The normal 
sequence of ventricular excitation provides the 
basis for meaningful vector analysis. Excitation 
begins with the formation of two confluent 
conical wave fronts at the endocardial surface 
of the right and left ventricles. The wave 
fronts move outward and are dissipated at the 
epicardial surface. The systematic disintegra- 
tion of the conical wave fronts is in fact respon- 
sible for the systematic sequential orientation of 
the successive dipole vectors. 

Ventricular Excitation: An analysis of excitation 
through a simple wedge section of the left 
ventricle demonstrates the principle of vector 
analysis (Fig. 2). As the wave front migrates 
outward its area becomes progressively smaller. 
The resultant vector decreases in magnitude as 


\\ 


Fic. 2. A wedge segment of the left ventricle with a 
wave front of excitation moving from the endocardial out 
to the epicardial surface. See text. 


the area of the wave front diminishes. The 
resultant force in a nearly flat wave front is 
equal to the area (S) times the density of charge 
(¢) or gS. Assuming that the density of charge 
(¢) is not significantly altered, as the wave 
front moves outward, the change in the resultant 
vector magnitude is directly related to the 
changing areas (S) of the wave front. With 
these assumptions, in this elementary example, 
the sum of the differences in vector magnitude 
at time intervals a through f is equal to the 
magnitude of the resultant vector acting at time 
interval a or 


(a—b)+(b—c)+(¢ —d)+(d—e) +(e —f) =a. 


It follows that the area (S) which completed 
excitation between time interval a and b is 
directly related to the difference in magnitude of 
resultant vector a and 

Determining the difference in magnitude of 
the vectors by simple subtraction to evaluate 
the change in wave front area (S) is quite satis- 
factory for disintegration of a flat wave front. 
Ventricular excitation, however, results in 
disintegration of three-dimensional wave fronts. 
Addition and subtraction of vectors with 
different spatial orientation must be accom- 
plished by accepted vector principles using the 
parallelogram method or polygon and poly- 
hedron analysis. Given vectors a and b acting 
simultaneously at a common point of origin at 
a time interval of 0.01 second, their resultant, 
the diagonal of a parallelogram, is the manifest 
0.01 second vector (Fig. 3). It follows that the 


distance between the tips of the 0.01 second 
vector and vector 6 is equal to the magnitude 
of vector a (opposite sides of a parallelogram). 


Smith and Lamb 


Sec. 


Fic. 3. The parallelogram theorem is the basis for vector 
analysis of forces acting on a common point but not 
parallel to each other. It may be extended into poly- 
gons or polyhedrons. The latter is analogous in a geo- 
metric sense to the three-dimensional vectorcardiogram. 
See text. 


If the force represented by vector a is abolished 
at the 0.02 second time interval, vector 5 
becomes the manifest 0.02 second vector. If 
the magnitude and spatial orientation of the 
0.01 second and 0.02 second vectors are known, 
the magnitude and orientation of vector a 
can be determined by simply constructing a line 
between the vector tips of the 0.01 and 0.02 
second vectors. It is quite apparent that 
vector a cannot be determined by simple 
subtraction of the magnitude of the 0.02 second 
vector from the 0.01 second vector. To deter- 
mine the arithmetic sum of vector a and b 
(not vector resultant) the distance between 
the tips of the 0.01 and 0.02 second vectors is 
added to the length of vector } acting at 0.02 
second. Only in this manner can an arithmetic 
sum of the vector forces involved be deter- 
mined. 

As the three-dimensional cone of activity 
created by ventricular excitation disintegrates 
the dipole or manifest vector changes its spatial 
orientation and magnitude. The segment of the 
QRS loop between the tips of resultant vectors 
at two different time intervals is related to the 
difference in size and orientation of the wave 
front for the two points in time (Fig. 4). The 
details of ventricular excitation are sufficiently 
well documented and will not be discussed 
further here; let it suffice to say that the loop 
itself provides a distinctly different measure- 
ment from those obtained from the changing 
magnitude of the dipole vector (instantaneous 
vector) .4~6 

Measurement of Magnitude of QRS Vectors: 
It has been suggested previously that various 
portions of the QRS loop are directly related to 
the size of the endocardial cone of excitation 
and thus to the ventricular volume.‘ If the 
relative area (S) of a conical segment is known as 
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-005 Sec 


Sec .O8 Sec 


Fic. 4. Ventricular excitation chiefly involves the dis- 
integration of two conical wave fronts. The changing di- 
pole vector resulting from progressive disintegration 
creates a three-dimensional pathway or polyhedron 
(vectorcardiogram ). 


well as its relative duration of action a true 
electrical force per unit of time measurement 
can be obtained. Time units applied to 
magnitude of the dipole vector are another 
measurement and can only represent the result- 
ant voltage (like the diagonal of the parallelo- 
gram) through time. In the past the parameter 
offered by the loop has been ignored, chiefly 
because the emphasis of vectorcardiography 
was placed upon the instantaneous vectors 
alone. This was a natural outgrowth of the 
historic development of vectorcardiography 
which followed years after electrocardiography 
was known. Electrocardiograms graph along a 
time coordinate the projection of instantaneous 
spatial vectors. 

By constructing a three-dimensional vector- 
cardiogram with instantaneous vectors acting 
on a common point of origin one admits to the 
validity of its geometric analysis. That which 
is “sauce”? to the instantaneous spatial vectors 
is “sauce” to the loop itself. By geometric 
analysis it is clear that the segment of the 
loop between any two successive spatial vectors 
is one side of a parallelogram and is the vector 
expression of the difference between the two 
successive spatial vectors. It has also been 
proposed that measurement of the magnitudes 
of successive spatial vectors and the angle 
between them as viewed in two planes would 
be of great value.?’ Obviously, any measure- 
ment of this nature is related to the two sides 
of a triangle (the two instantaneous vectors 
and the angle between them). This is not 
dissimilar from measuring the segment of the 
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Fic. 5. Any spatial vector may be resolved into three 
mutually perpendicular components depicted here as 
X, Y and Z. 


loop, but is more complicated. By the ele- 
mentary geometric theorem of “‘side angle side” 
it is known that the third side of the triangle 
(the loop segment) can be determined. The 
importance of the angle between successive 
instantaneous spatial vectors is recognized and 
is related to simple vector analysis using the 
parallelogram as described. The use of the 
additional parameter offered by the spatial 
vectorcardiographic loop provides an opportu- 
nity for new research relative to the cardio- 
vascular system. How useful it might be in 
terms of evaluating electrical power, hyper- 
trophy, ventricular volume or the loss of 
electrically generating muscle awaits further 
investigation. 


RECORDING THE VECTORCARDIOGRAM 


Projections of Spatial Vector Loop: Conventional 
vectorcardiograms display the three-dimensional 
loops as if they were projected on a two- 
dimensional plane. It is customary to use a 
frontal plane projection (as if one were facing 
the subject), a sagittal plane (profile view) 
and a transverse plane (transverse cross section 
through the chest). Two such perpendicular 
planes, e.g., frontal and sagittal, recorded 
simultaneously, permit a _ three-dimensional 
analysis of the spatial forces. Commonly, a 
cathode ray oscilloscope with suitable amplifiers 
is used for recording purposes. Such an 
instrument provides a better frequency response 
than those of the direct writing instruments used 
in electrocardiography. 

Each of the successive instantaneous spatial 
vectors have components in three mutually 
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Z component 


X axis va | Y component 
Frontal ; | Sagittal 
Y axis Y axis 
Fic. 6. The vectorcardiogram is created by three mutually perpendicular com- 


ponents of the electrical activity of the heart. 


The components may be graphed 


in a linear fashion similar to an electrocardiogram. See text. 


perpendicular (orthogonal) axes. Each spatial 
vector has a horizontal component (X), a 
vertical component (Y) and an anterior- 
posterior component (Z) as shown in Figure 5. 
By plotting the X component of the successive 
instantaneous spatial vectors along a linear time 
base, a coordinate graph of the X components 
is formed. ‘This will appear similar to lead 1 
of the electrocardiogram which supposedly 
measures the changing magnitude of the forces 
of the electrical cycle in a left-to-right direction. 
In a similar fashion the Y component of the 
successive instantaneous vectors may be plotted 
as a coordinate graph (similar in appearance to 
lead aVF) and the Z components may be 
plotted as a coordinate graph (similar in 
appearance to lead V2). 

Component Leads: By utilizing the cathode 
ray oscilloscope and introducing any two 
component values in a continuous fashion to one 
beam a view of the three-dimensional vector- 
cardiogram is seen as it is projected on one 
plane. With a continuous input of the X 
components into the horizontal axis of the 
oscilloscope and simultaneously utilizing the Y 
component measurements for an input to the 
vertical axis of the oscilloscope, the frontal 
plane is formed (Fig. 6). Similarly, an input of 
the Z component values and the Y component 
values results in a sagittal plane, or the input of 
the X component values simultaneously with 
the Z component values will record the trans- 
verse plane presentation of the electrical forces. 
It is obvious that the inputs to the perpendicular 
deflection plates of the oscilloscope must be 


accurate representations of the X, Y and Z 
components of the changing spatial vector or the 
recorded loops will not be a true representation 
of the spatial pathway created by the electrical 
forces of the heart. To obtain true representa- 
tions of the X, Y and Z components it is neces- 
sary to use a system of three leads from the 
body surface that are truly mutually per- 
pendicular. To further prevent distortion, 
the leads must have the same relative sensitivity 
or be accurately equilibrated. Attempts to 
obtain an accurate lead system have resulted 
in considerable controversy relative to electrode 
placement. 

Electrocardiographic leads are coordinate 
graphs of the electrical events of the heart. 
In this regard they are similar to a graph of the 
X, Y and Z components on a linear time 
base. The configuration of the electro- 
cardiographic complexes in any lead is largely 
dependent upon the lead’s electrical axis as a 
coordinate and the projection of the electrical 
forces of the heart on it. This relationship 
permits construction of electrocardiographic 
complexes for any lead from the vectorcardio- 
gram when the coordinate axis of the lead is 
known. Analysis of this type neither proves 
nor disproves the validity of the vectorcardio- 
graphic system used. 

Use of the conventional leads, 1, 1 and m 
or leads derived from this system will not 
provide true X, Y and Z inputs. The Einthoven 
triangle is a simplification and an assumption, 
not a fact. The limb leads do not form an 
electrically equilateral triangle. The triangle 
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Fic. 7. The electrically balanced bipolar vectorcardiographic reference system 
utilizes ten electrodes. The E point is over the center of the left ventricle 
(usually 3 to 4 cm. to the left of the midline). In the average adult man their 
placement is as follows: X Lead: positive electrodes 1 and 2 are placed 16 cm. 
above and below E point on the back. Negative electrodes 3 and 4 are placed 
16 cm. to the right and 12 cm. above and below E point on the back. Y Lead: 
negative electrode 5 is placed 16 cm. to the right and 16 cm. above the E point 
on the back. Positive electrode 6 is placed 16 cm. to the right and 16 cm. below 
the E point on the back. Z Lead: negative electrodes 9 and 10 are placed 
16 cm. to the right and 12 cm. above and below E point on the anterior thorax. 
Positive electrodes 11 and 12 are placed 16 cm. to the right and 4 cm. above 


and below E point on the back. 


that is formed may depart as much as 35 
degrees from the true frontal plane. Combina- 
tion of the conventional electrocardiographic 
leads (to form vector loops) cannot generate 
information not already present in the electro- 
cardiogram and thus, these leads are unsatis- 
factory for vectorcardiography. The addition 
of an electrode on the back to form the tetra- 
hedron reference system does not alter this fact. 
The construction of schematic vector loops 
from routine electrocardiograms provides little 
more than exercise for the electrocardiographer 
to demonstrate the assumed relationship of the 
common electrocardiographic leads to each 
other. 

In the past few years a great deal has been 
learned about the body as a volume conductor 
and about its influence on the potentials gen- 
erated by the heart. Using this knowledge 
and some newer technics of study it is possible 
to devise near perfect combinations of leads 
to portray the true electrical phenomena of the 
heart. 

Reference System for Recording and Measuring 
Component Leads: A_ system of electrically 
balanced bipolar leads to measure the X, Y 
ind Z components as used by us, and electrode 
placement for the average adult is depicted in 
figure 7. The reference system is unique in 
that it is based on physical measurement of 
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surface potential from the human torso; thus, 
no assumptions are necessary about the body as 
a volume conductor. The influence on re- 
corded potentials of distance and resistance at 
various surface points was measured to deter- 
mine the placement of electrodes which would 
produce undistorted leads for vectorcardiog- 
raphy. The comparative vectorgram technic 
was used for this study. This method permits 
comparison of similarity of leads with a high 
degree of accuracy. This technic makes it 
possible to determine also how far an electrode 
should be from the heart to actually represent 
the electrical activity as a resultant vector. 
Many reference systems currently in vogue 
place electrodes too near the heart for true 
representation of a resultant vector. The de- 
tails of making these measurements, their use 
in constructing an electrically balanced lead 
system, as well as a method of analyzing other 
systems currently in use, have been published 
elsewhere.?—"! 

It has been found relatively easy to measure 
the vertical component of the electrical forces 
of the heart with two electrodes on the trunk. 
In the system illustrated, the X and Z leads are 
each composed of four electrodes. This is 
necessary to cancel components in other than 
the desired direction. 


The method is simple and accurate. It does 
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Fic. 8. The linear vectorcardiogram displays the X, 
Y and Z components along a linear time base. The 
upper three graphs represent these. The magnitude of 
the instantaneous vectors is represented on the fourth 
graph. The cumulative arc swept out for the P, QRS 
and T loops is plotted against time in the lowest graph. 


not require complicated balancing of electrical 
circuits and the electrodes are sufficiently remote 
from the heart to measure the electrical activity 
of the heart as a dipole. Using the same meth- 
ods employed to devise this particular reference 
system, it is an easy task to devise an individual- 
ized reference system for each patient. Noclaim 
is made that this is the only possible arrange- 
ment of electrodes; however, its simplicity and 
accuracy appear to achieve a prime objective of 
vectorcardiography, namely, a simple method of 
obtaining relatively undistorted representations 
of the electrical forces of the heart. 

The Linear Vectorcardiogram: It is a simple 
matter to graph the X, Y and Z components of 
the vectorcardiogram along a time base just as 
is done routinely in electrocardiography. From 


these components, simple calculations make it 
possible to calculate the magnitude of the chang- 
ing dipole vector throughout the cardiac cycle 
and graph it against a linear time base. The 
cumulative length of the P, QRS, and T loops 
(i.e., the distance traveled by the tip of the spatial 
vector) may also be calculated and plotted 
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along a linear time base. Simple formulas 
have been developed for these calculations. 
Thus, along a common base representing time, 
five coordinate graphs may be used to present 
simultaneously and in a linear fashion all the 
basic data in the vectorcardiogram (Fig. 8). 
Such a presentation has been called the “‘linear 
vectorcardiogram.”” The information con- 
tained in such a graph cannot be obtained from 
the conventional electrocardiogram or from any 
other distorted combination of electrical leads. 
By presenting the vectorcardiographic data in a 
linear fashion two of the major criticisms of 
vectorcardiography have been circumvented, 
i.e., that the vectorcardiogram does not demon- 
strate rate or rhythm and that the duration of 
isoelectric periods cannot be measured. 


INTERPRETATION AND APPLICATION OF THE 
VECTORCARDIOGRAM 


As is often the case in any newly developed 
diagnostic tool, overly enthusiastic interpreta- 
tions of data are frequently obtained. Con- 
versely, there are unduly pessimistic interpre- 
tations by those using the method merely to 
obtain minimum information previously avail- 
able by older diagnostic methods. A new tool 
should be evaluated by utilizing the new pa- 
rameters it makes available. Minor variations 
in the contour of the QRS loop which are some- 
times called ‘“‘areas of avoidance” are often 
nothing more than the notching seen in the 
QRS complex of the routine electrocardiogram 
and at present are no more useful in clinical 
application. It is doubtful that the currently 
used criteria of interpretation in vectorcardiog- 
raphy ever enable diagnosis of infarctions that 
cannot be detected by the routine electrocardio- 
gram. ‘This may not always be the case as 
more is learned about the direction, length and 
speed of inscription of the QRS loop. 

By taking advantage of the electrically bal- 
anced leads it is possible to demonstrate that a 
number of borderline routine electrocardio- 
grams present apparent abnormalities because 
the routine electrocardiographic leads are 
electrically distorted by the individual charac- 
teristics of the body as a volume conductor. 
The best example of this is the electrocardio- 
gram with a significant Q2 Q; Q,vr pattern. 
It is often impossible to be certain from the 
electrocardiogram whether or not this means 
that electrical forces are truly directed away from 
a muscle area on the inferior wall of the heart 
for a significant period of time. The undis- 
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vectorcardiogram demonstrates that 


torted 
many such electrocardiograms are created by 
lead distortion and in actuality the spatial 
forces are not significantly directed away from 


an area of muscle. The vectorcardiogram 
utilizing leads 1 and aVF for the X and Y 
components cannot be employed for this pur- 
pose and will give no more information than 
the routine electrocardiogram. 

Certain criticism of vectorcardiograms is not 
warranted. Duration of the QRS complex in 
the vectorcardiogram is measurable with at 
least as great an accuracy as in the electrocar- 
diogram. The end of the QRS complex and 
the beginning of the S-T segment in lead V2, 
for example, is strictly arbitrary. Visualiza- 
tion of central detail of the vectorcardiogram 
can be achieved if enlargement of the image is 
done electronically, rather than photographi- 
cally. The use of the Polaroid-Land® process 
for recording vectorcardiograms produces per- 
manent records almost immediately which sur- 
pass the quality of recording on 35 mm. film. 
Intensity modulation of the oscilloscope beam 
aids in preventing a center “burn out” effect. 
The problems of recording rate or arrhythmia 
with the vectorcardiogram can be circumvented 
by high speed records of the components or by 
the “linear vectorcardiogram.” 

One of the newer approaches to recording 
electrocardiograms and vectorcardiograms is 
the use of wide magnetic tape and the simul- 
taneous recording of several channels. These 
recordings can be played back at will and signals 
from the tape recordings can be reproduced by 
oscilloscopes or direct writing instruments or 
may be introduced into analog computers to 
perform desired computations. During flight 
the vectorcardiographic leads may be telem- 
etered, received and recorded on magnetic 
tape. From the tapes vectorcardiograms or 
component leads against a linear time base may 
be obtained. The telemetered signals can 
also be monitored during flight by simultaneous 
display on the oscilloscope either as linear 
eraphs, as vector loops or as both. 


SUMMARY 

At present, it can be stated with certainty 
that the vectorcardiogram offers three distinct 
idvantages over the conventional electrocardio- 
vram: 

1. It enables relatively undistorted repre- 
‘tation of the electrical forces of the heart. 
[he validity of this statement depends on the 
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reference system used.) Thus, the true magni- 
tude and direction of the spatial vectors are 
available. 

2. The loop or spatial pathway described 
by the vectorcardiogram provides a measure- 
ment that is not available in the routine elec- 
trocardiogram. This may be plotted along a 
time base as in the linear vectorcardiogram. 

3. The use of a cathode ray oscilloscope 
rather than a direct writing instrument allows 
greater accuracy in presentation of rapid or 
minute changes in electrical forces. 

The applications of vectorcardiography in 
assessing the pilot’s cardiovascular system and in 
monitoring cardiovascular functions during 
flight are discussed. For fundamental reasons 
outlined in the report this technic promises to 
have even wider applications to future studies 
of cardiology in aviation. 
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An Electrocardiographic Study of 17,000 Fit, 
Young Royal Canadian Air Force _ 


Aircrew Applicants’ 


GEORGE W. MANNING, M.D., F.A.C.C. 


INCE THE selection of personnel for aircrew 
S training was of vital importance .at the 
beginning of World War nu, the Royal Cana- 
dian Air Force Clinical Investigation Unit 
undertook a number of selection studies, one 
of which was to assess the value of the electro- 
cardiogram in the medical selection of aircrew 
trainees.'—* An abnormal electrocardiogram 
did not preclude aircrew training at that time 
and it soon became apparent that no specific 
features of the electrocardiogram bore any rela- 
tion to failure or success in training of military 
pilots. A follow-up study of abnormal elec- 
trocardiograms occurring in this group of fit, 
young men was initiated at that time. At the 
end of hostilities Dr. F. A. L. Mathewson con- 
tinued these studies together with additional 
cases, and will describe the findings of this fol- 
low-up study in a later publication. 


INCIDENCE OF ELECTROCARDIOGRAPHIC 
ABNORMALITIES 


To continue the earlier electrocardiographic 
and clinical studies, the Royal Canadian Air 
Force adopted, eleven years ago, routine 
electrocardiography as a part of the Aircrew 
Medical Selection program. During the course 
of this program we have had an opportunity to 
study 17,000 electrocardiograms recorded in 
healthy, fit young men between the ages of 
eighteen and twenty-four years. Since 1948, 
definite electrocardiographic abnormalities 
which cannot be explained by environmental or 
physiologic factors and which persist on repeat 
studies have rendered the candidate unfit for 
pilot training. 

The incidence of various electrocardiographic 
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abnormalities found during the course of this 
study are shown in Table 1. In this consecu- 
tive series of 17,000 applicants eighty-six candi- 
dates were classed as unfit for pilot training 
(some were accepted for navigator training). 
From these data it is apparent that significant 
electrocardiographic abnormalities are uncom- 
mon in a large series of healthy, young male sub- 
jects. The aircrew candidates with abnormal 
electrocardiograms were re-examined by a 
cardiologist. Fifty per cent revealed additional 
evidence to suggest a cardiovascular disorder. 
An example of this occurred in a young man who 
was re-examined because of an abnormal 
electrocardiogram (Fig. 1), and was found to 
have an asymptomatic atrial septal defect. 


TABLE I 
Incidence of Abnormal Electrocardiographic Findings in 
17,000 Fit, Healthy Young Men Aged Eighteen to 
Twenty-Four Years 


Unfit | Abnormality 


Abnormality ag | for | on Electro- 

p>: | Pilot | cardiogram* 
T wave variations 489 25 10 
Bundle branch block 4 8 9 
WPW pattern 33 | 22 14 
Prolonged P-R interval 3 
Miscellaneous 297 14 | 5 
Totals | 954 | 86 | 41 


* This means that the only abnormality found was in 
the electrocardiogram. In the remainder a cardiac 
murmur, questionable roentgenogram, elevated blood 
pressure, questionable history, etc., was found in addi- 
tion to the electrocardiographic abnormality. 


* From the Institute of Aviation Medicine, Royal Canadian Air Force, the Cardiovascular Unit, Department of 
Medicine, University of Western Ontario, and Victoria Hospital, London, Ontario, Canada. 
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Fic. 1. Tracings obtained from a twenty-three year old 


subject with asymptomatic atrial septal defect. The 
electrocardiogram (A) shows right ventricular hyper- 
trophy. The phonocardiographic tracing (B) shows 
ejection pulmonary systolic murmur and a widely split 
second heart sound. In (B) the tracings from top to 
bottom are: pulmonary area, 150-100 c.p.s.; mitral 
area, low frequency; pulmonary area, 150-150 c.p.s.; 
mitral area, low frequency; carotid pulse; electrocardio- 
gram; respiration. 


There remains, however, a small group (0.2 or 
0.3 per cent) in whom the abnormality cannot 
be explained in the light of our present knowl- 
edge (Fig. 2). 


SIGNIFICANCE OF VARIOUS ELECTROCARDIO- 
GRAPHIC CHANGES 


It is difficult to assess the significance of an 


isolated electrocardiographic abnormality in 
the absence of clinical findings. There are 
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Fic. 2. Tracings obtained from a twenty year old clin- 
ically fit applicant. (His twin brother had the same 
electrocardiographic pattern.) Persistent QRS and T 
wave abnormality is unexplained and therefore the 
applicant was considered as unfit for pilot training. 


many abnormalities such as prolongation of the 
P-R interval, right bundle branch block, non- 
specific TI wave changes, certain ectopic 
rhythms and the Wolff-Parkinson-White pat- 
tern which are considered by some to be of no 
clinical significance. Some cardiologists be- 
lieve that any electrocardiographic abnormality 
occurring in the complete absence of clinical 
findings should be disregarded. This may be 
sound medical practice insofar as the pa- 
tient’s welfare is concerned, but there must re- 
main some doubt as to the innocence of the ab- 
normality. Consequently, when some risk is 
involved, whether it be financial, as in actuarial 
practice, or responsibility for life and property, 
as in aviation, such patients must be placed in a 
somewhat different category.‘ 

T Wave Changes: In an earlier series there 
were ten examples of abnormal T waves in a 
series of 2,500 routine . electrocardiograms.'~* 
Although the follow up is not completed, it is 
known that some who showed these changes re- 
vealed clinical evidence of a cardiac disorder 
within a few years. One such airman (Fig. 3) 
died suddenly as he approached his aircraft for 
take-off one year after the T wave changes were 
discovered. This man was in apparent good 
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Fic. 3. Tracings obtained from a twenty-seven year old 
fighter pilot. Leads 1, 1 and m1 were recorded in 1941, 
one year prior to sudden fatal episode while approaching 
aircraft. Note unexplained abnormal T waves. 


health and had completed his flying training. 
He was serving as a Fighter Command Pilot, 
and had made a number of operational flights. 
The cause of death was reported as coronary 
thrombosis. Other examples have occurred in 
which the electrocardiogram indicated a cardiac 
disorder not recognized clinically. 

There are many examples of non-specific T 


wave changes which can be explained on the 
basis of environmental factors, and which we be- 
lieve should be considered of no clinical signifi- 


cance (Fig. 4). During the recent past, all 
tracings with questionable T wave findings have 
been repeated in a fasting state. In a study of 
2,000 cases, approximately 3 to 4 per cent of 
healthy, young males revealed questionable to 
abnormal T wave changes which were normal 
in the fasting state’ (Table m). Furthermore, 
on further study many examples of significant 
first degree A-V block have been shown to be 
normal in the standing position® (Fig. 5). On 
careful clinical examination these men revealed 
no abnormalities. Since administration of atro- 


TABLE It 
T Wave Variations in 2,000 Routine Electrocardiograms 


| 
| 


Variation No. 


Total variations 
Minor variations 
Gross abnormality 
Postprandial * 
Inverted 
Flat 


* Fasting tracing normal. 


Fic. 4. A, a fit young man aged eighteen years. Note 
increased amplitude of T waves, especially in leads 
V1, Vs and V¢ after fasting. B, a fit young man aged 
seventeen years. Note change from negative T waves 
in leads 1, V4 and V; to normal upright T waves after 
fasting. 


pine also reduced the P-R interval to normal in 
this group, it would appear that an autonomic 
reflex (probably the carotid sinus) was responsible 
for this change. 

Evaluation of Normal Measurements: During the 
course of this work many observations of the 
limits of normal for such measurements as wave 
amplitudes and time intervals in the young age 
group have been possible. In addition, a 
number of concepts or criteria used in the elec- 
trocardiographic assessment of patients have 
been studied. Studies in the normal values of 
the frontal and spatial QRS-T angle, effect of 
exercise, etc., have also been carried out. Al- 
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B 


Fic. 5. 
A, recumbent. 


Postural heart block in a healthy, fit young man. 
B, standing. 


though these findings are not within the scope of 
this paper, I would like to refer briefly to an early 
observation of Ashman and Hidden,’ and Dress- 
ler and Roesler® with regard to the T, :T; ratio. 
Our findings in this regard indicate that the 
relation T; less than T3, Ri greater than Rs, 
in the absence of the S:S2S; pattern is an ex- 
tremely rare finding in the normal subject. We 
believe that this provides a simple and rapid 
method of indicating an abnormal ventricular 
gradient or QRS-T angle (Fig. 6). 


VALUE OF ROUTINE ELECTROCARDIOGRAPHY 


It is difficult to decide how much importance 
should be attached to an isolated electrocardio- 
graphic abnormality. If clinical evidence of 
some cardiac defect becomes apparent when 
the repeat studies are performed, the decision is 
not difficult. It is interesting to note that in 
many instances, when repeat studies were car- 
ried out, additional clinical cardiovascular find- 
ings were observed which either had been over- 
looked or considered to be insignificant at the 
time of the initial examination. These men, 
however, would have been permitted to under- 
take pilot training if routine electrocardiograms 
had not been taken during the initial selection 
procedures. 

From our experience, and taking into con- 
sideration all the factors involved, including the 
high cost of training aircrew personnel, we be- 
lieve that routine electrocardiography is of value 
in the selection of aircrew members, and that 
subjects having definite abnormalities should not 
be accepted for aircrew training. (By abnor- 
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Fic. 6. T, less than T;, Ri greater than R; in a patient 
with myocardial damage due to coronary artery disease. 


mality is meant a definite electrocardiographic 
abnormality which persists, and cannot be ex- 
plained on an environmental, physiologic or 
other basis not indicative of organic heart dis- 
ease.) 

Electrocardiographic Standards for Aircrew Ac- 
ceptance: Considering the question of the suita- 
bility of a candidate for aircrew training, it is 
important that a just and sensible decision be 
made, both from the point of view of the candi- 
date and of the service. Having carried out our 
preliminary studies with regard to the use of 
electrocardiography in the selection of aircrew 
personnel, and particularly since sufficient data 
are not yet available from our follow-up studies, 
we conducted a survey of expert opinions for 
comparison with our conclusions made follow- 
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TABLE III 


Royal Canadian Air Force Opinion Survey of Thirty 
Cardiologists 


Percentage of 
Consultants 
Rejecting 
Applicant 


Electrocardiographic 
Abnormality 


Obvious T wave abnormalities 

Heart block 
P-R interval greater than 0.24 sec... | 
Incomplete 


Ectopic rhythms 
Paroxysmal auricular tachycardia. .| 
Paroxysmal auricular flutter 
Paroxysmal auricular fibrillation. . | 
Persistent ectopic auricular 


A-V nodal escape 

A-V nodal tachycardia 

Frequent ventricular extrasystoles 
not abolished by exercise 

Bigeminal ventricular rhythm 

Short runs of 3 to 4 ventricular 
extrasystoles 

Pattern of left ventricular hyper- 


63 

Right axis deviation and tall or 

notched P waves... | 50 
Low voltage QRS (all under5mm.)..| 52 (if persists) 
QRS greater than 0.12 sec 74 
Right bundle branch block. . . 63 
Left bundle branch block...........| 89 
WPW syndrome 


ing the study of the Royal Canadian Air Force 
experience® (Table m1). The majority of those 
consulted agreed with the conclusions of the 
Royal Canadian Air Force with regard to elec- 
trocardiographic standards for acceptance into 
aircrew training. It is possible that a number 
of these electrocardiographic abnormalities are 
associated with congenital or physiologic condi- 
tions of no clinical significance, and without risk 
to life, but because of the small numbers con- 
cerned (0.5 per cent) the conclusion has been 
reached that it is not justifiable to accept for 
aircrew training applicants who, in the absence 
of clinical signs and symptoms, have significant 
electrocardiographic abnormalities which can- 
not adequately be explained. 

The value of routine electrocardiography in 
selection of pilots might be questioned since it 
may lead to unjustifiable rejection of the appli- 
cant. If, however, it is used sensibly, and in the 


light of the clinical findings, then it is well worth- 
while, not only from the standpoint of selection, 
but also for future reference. In the last 17,000 
applicants eighty-six were rejected as the result 
of the routine electrocardiogram. However, on 
further study 50 per cent of these men did pre- 
sent additional clinical findings which might sug- 
gest a cardiac abnormality. 

In any case in which a questionable electro- 
cardiographic abnormaltiy is found, a care- 
ful and thorough clinical examination, includ- 
ing a number of further electrocardiographic 
studies, should be carried out; otherwise the 
rejection rate will jump unjustifiably from 0.2 or 
0.3 per cent to 5 per cent or more (Table-1). 
Although the electrocardiogram has led to many 
mistakes in its use in the diagnosis of heart dis- 
ease, a normal electrocardiogram is reassuring 
in the assessment of our subjects. If the elec- 
trocardiogram has any place in selecting sub- 
jects in the young (military) age group who may 
be candidates for future myocardial disease, 
study and follow up on those who reveal minor 
abnormalities, and particularly the effect of 
stress on the electrocardiogram, are required for 
some time to come. The problem of electro- 
cardiographic evaluation as an indication of pre- 


mature coronary narrowing remains complex, 
and is still a challenge to the inquiring and 
critical cardiologist concerned with aviation. 


SUMMARY 

In this study the electrocardiograms of 17,000 
fit Royal Canadian Air Force aircrew applicants 
between the ages of eighteen and twenty-four 
have been reviewed. In 954 instances abnor- 
malities of varying degrees were observed and 
repeat electrocardiographic studies, including 
further investigation, were carried out by a 
cardiologist in all but a few instances. 

There were eight-six applicants classed as 
unfit for pilot training on the basis of an abnor- 
mal electrocardiographic finding which could 
not be explained or accounted for on a physio- 
logic or environmental basis. A few were found 
to have organic heart disease. A larger number 
(total of forty-five including proved heart dis- 
ease) were found to have questionable findings 
either in the history or on clinical examination 
(cardiac murmurs, elevated blood pressure, 
questionable roentgenographic findings, his- 
tory of tachycardia, syncope, trauma to the 
chest, infectious diseases, etc.) that may or may 
not have had some bearing on the electrocardio- 
graphic findings. These eighty-six men, how- 
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ever, were not accepted for pilot training on the 
basis of the abnormal electrocardiogram. 
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Electrocardiographic Findings in 67,375 


Asymptomatic Subjects 


I. Incidence of Abnormalities* 


Capt. KeirH H. AVERILL, MC, USAF and LAWRENCE E. Lamps, M.D., F.A.C.C. 


San Antonio, Texas 


HIs 1s the first of a series of reports on the 
Spot of the electrocardiogram in 67,375 
asymptomatic, healthy adult men. Previous 
studies concerned with the incidence of various 
electrocardiographic abnormalities in smaller 
groups of apparently healthy male adults, in 
large groups of hospitalized patients and in 
persons having specific disease processes have 
been reported. Ferguson and O’Connell! 
studied the electrocardiograms of 1,812 mid- 
shipmen in 1924 who, except for three, were 
considered free of heart disease. Standard 
leads 1, 11 and mi were recorded. Of these 
1,812 electrocardiograms, 944 were considered 
to be completely normal and the remainder 
showed various electrocardiographic changes, 
many of which are known today to be of little 
significance. 

In 1941, Wood, Wolferth and Miller? 
reported their experience in comparing the 
electrocardiographic findings with the clinical 
evaluation in groups of unselected students, in 
college students with suspected heart disease 
and in unselected corporation executives. In 
some, standard leads 1, 1 and 11 were used 
alone, and in others, a full twelve-lead electro- 
cardiogram was recorded. Their conclusions 
were: (1) In persons under thirty years of age, 
electrocardiographic study does not demonstrate 
cardiac abnormalities of importance from the 
military standpoint, which are not discernible 
on physical examination. (2) In persons over 
thirty years of age, and especially in those 
over forty, electrocardiographic study may 
occasionally demonstrate degenerative heart 
disease before symptoms occur. 

Graybiel et al.* reported the electrocardio- 


graphic findings in 1,000 subjects twenty to 
thirty years of age, who were involved in naval 
aviation. All had been selected for flight 
training after meeting rigid physical qualifica- 
tions. A number of interesting tracings were 
observed, including twenty-three instances of 
wandering pacemaker in and about the S-A 
node, one case of S-A block with A-V nodal 
escape, one case of A-V nodal rhythm (P-R 
interval 0.09 second, with P waves inverted in 
leads 11 and 111), two cases of Wolf-Parkinson- 
White (WPW) syndrome, fifteen cases of pre- 
mature beats (eight ventricular and seven 
atrial in origin), sixteen cases of prolongation 
of the P-R interval beyond 0.20 second, one 
case of complete left bundle branch block and 
seven additional cases in which the QRS dura- 
tion was 0.12 second. These fifty cases rep- 
resented 5 per cent of the total. It should be 
noted that only leads 1, u, m1, IVF and IVR 
were recorded. The authors concluded that 
electrocardiography is of particular value in 
the medical evaluation of pilots, particularly if 
a baseline tracing has been made at an early 
age, and follow-up tracings are obtained.‘ 

In 1954, Manning® reported on the electro- 
cardiographic findings in 5,000 healthy adult 
male applicants for aircraft training in the 
Royal Canadian Air Force, ranging in age 
from eighteen to twenty-four years. Sig- 
nificant abnormalities were detected in 151 
subjects, or 3 per cent of the total survey. 
Following further electrocardiographic and 
clinical studies, 5.4 per 1,000 persons who had 
been previously passed for pilot training were 
considered unsuitable. The authors conclude 
that a routine electrocardiogram on all candi- 


* From the Department of Internal Medicine, School of Aviation Medicine, The Aerospace Medical Center, Brooks 


Air Force Base, San Antonio, Texas. 
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Fic. 1. 
group is depicted by the solid line. 


The percentage of the total population (67,375) surveyed in each age 
The percentage of the total abnormalities is 


depicted by the broken line. Note that the two curves are quite similar, indicating 
that the incidence of the total abnormalities is about the same for all age groups. 


dates for pilot training is exceedingly worth- 
while. 

The incidence of electrocardiographic ab- 
normalities in various age groups under varying 
circumstances has been reported by Brody, 
Golden and Tobin,* Langley’ and Wolfram.*® 


MATERIAL AND METHODS 


In April 1957 a central U. S. Air Force Electro- 
cardiographic Repository was established. It was 
designated to keep electrocardiograms on all selectees 
for flight training, a baseline tracing on all rated 
Air Force officers under the age of forty years; 
a yearly tracing on all rated officers aged forty and 
above, and tracings on all rated officers who had 
electrocardiograms taken during hospitalization, 
episodes of cardiac arrhythmias, various physio- 
logic training programs, etc. The electrocardio- 
grams were to consist of at least the three bipolar 
limb leads, three augmented unipolar limb leads and 
six chest leads V,; through V.. Each lead was to be 
clearly marked, 5 to 6 inches in length and to show 
one or more standardization marks. These leads 
were arranged in sequence and forwarded to the 
USAF Electrocardiographic Repository attached to a 
standard clinical record giving name, rank, serial 
number, age, weight, height, race and blood pressure, 
and designating if the subject was taking any type of 
medication. 

The electrocardiograms reported here are con- 
cerned only with those subjects who were asympto- 
matic and actively engaged in military duties, or 
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who were applying for flying training. They compose 
a select group of adult men who can be considered to 
represent each age group in a state as nearly free of 
disease as possible. 


RESULTS 


Figure 1 shows the age distribution for the 
total survey on which is superimposed the 
age distribution of those with electrocardio- 
graphic abnormalities. They are nearly iden- 
tical. Worth noting is the fact that very 
close to 90 per cent of these subjects were 
between the ages of twenty and forty, less than 
10 per cent were over the age of forty and less 
than 2 per cent under the age of twenty. 
The mean age was 30.7 years, but this is not a 
significant figure when the configuration of the 
distribution curve is noted. A total of 2,527 
electrocardiographic abnormalities was found 
in the 67,375 electrocardiograms. ‘These were 
found in 2,499 subjects, which represents 3.7 
per cent of the entire survey, or 37.6 per 1,000 
subjects. 

The distribution of abnormalities makes it 
apparent that certain electrocardiographic ab- 
normalities are more common in youth and may 
be unrelated to heart disease. This group com- 
monly includes atrial rhythm, nodal rhythm, 
wandering pacemaker, A-V dissociation and 
sinus arrest. A curve of the per cent of total 
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Fic. 2. The solid line represents the percentage of the 
population in each age group. The broken line rep- 
resents the percentage of 527 abnormalities in each 
age group representing atrial rhythm, wandering pace- 
maker, A-V dissociation, nodal rhythm and sinus arrest. 
The high peak for abnormalities in the younger age 
groups demonstrates the increased incidence of these 
abnormalities in younger subjects. 


abnormalities for each age group superimposed 
on the survey population distribution demon- 
strates the marked influence of youth on the fre- 
quency of these abnormalities (Fig. 2). Other 
abnormalities, with a higher incidence in the 
older age group, include T wave changes, ven- 
tricular premature contractions, right bundle 
branch block, tracings suggestive of old myocar- 
dial infarction, left bundle branch block and 
atrial flutter or fibrillation. A curve of the in- 
cidence of these abnormalities compared to the 
age distribution of the population surveyed shows 
the influence of age on the frequency of these 
abnormalities (Fig. 3). This is particularly 
significant since it is likely that these particular 
abnormalities detected in the age group past 
forty commonly lead to suspension from flying 
duties. Thus, the true incidence of these 
abnormalities past the age of forty is probably 
much greater. The T wave changes appeared 
to be increased in incidence in the younger 
subjects and again after the age of forty years. 
Still another group of findings appears to occur 
with approximately the same frequency, re- 
gardless of age. These include first degree A-V 
block, supraventricular premature contractions, 
the WPW syndrome and ventricular parasystole. 


30 


Fic. 3. 


block, and atrial flutter or fibrillation. 


The solid line represents the percentage of the population in each age 
group. The broken line represents the percentage in each group of 1,190 ab- 
normalities that include T wave changes, ventricular premature contractions, 
right bundle branch block, possible myocardial infarction, left bundle branch 


The curve of abnormalities demon- 


strates an increased incidence of these abnormalities in the older age groups. 
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Fic. 4. The solid line represents the percentage of the population in each age 
group. The broken line represents the percentage in each group of 803 ab- 
normalities that include first degree A-V block, supraventricular premature 


contractions, WPW syndrome and ventricular parasystole. 


The similarity of 


the two curves demonstrates that the incidence of these abnormalities is not par- 
ticularly influenced by the age of the subjects in this survey. 


The frequency of these findings in the various age 
groups as compared to the distribution by age of 
the population studied is seen in Figure 4. 

Table 1 lists each abnormality found, the 
total number having each abnormality, the 
per cent of each abnormality of the total 
abnormalities and the rate per 1,000 subjects. 
To determine if a specific abnormality was more 
frequent in one age group, the age distribution 
for each abnormality was compared to the age 
distribution for the entire survey. Table 11 shows 
the age-specific abnormality per 1,000 subjects 
for each age group, and summarizes the data 
which are to be more thoroughly discussed under 
the individual electrocardiographic abnormal- 
ities. 


SUPRAVENTRICULAR ARRHYTHMIAS 


Sinus Arrest with Supraventricular Escape Beats: 
Five subjects were seen with this mechanism 
alone, four with nodal escape beats and one 
with atrial escape. 

Atrioventricular Dissociation: Thirty-three in- 
stances were found in which A-V dissociation 
was apparent. Although the total number was 
small, it was apparent that this arrhythmia was 
found predominantly in the younger subjects 
since twenty-seven of the thirty-three were 
under the age of twenty-five years. 
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Atrial Rhythm: Atrial rhythm, in which a 
focus in the atria becomes the cardiac pace- 
maker, was found in 328 subjects representing 
13 per cent of the total abnormalities. The 
incidence was 4.9 per 1,000 subjects. A 
statistically significant concentration of these 
was found in the younger subjects (Table 11). 

Atrial Flutter and Fibrillation: Only five records 
showed this gross abnormality, all in asympto- 
matic subjects on full military duty. 

Nodal Rhythms: Only nine subjects were 
classified as demonstrating a nodal rhythm. 
The difference in incidence when nodal ar- 
rhythmias are compared to atrial arrhythmias is 
striking. 

Wandering Pacemaker: There were 152 subjects 
who showed some wandering of the cardiac 
pacemaker. Only two of these subjects ap- 
peared to have wandering pacemaker to the A-V 
node. A significantly greater number were in 
the younger age groups. 


VENTRICULAR ARRHYTHMIAS 


Ventricular arrhythmias were rare in this 
study when ventricular premature beats were 
excluded. 

Idioventricular Rhythm: Three pilots on full 
military duty, whose ages were twenty-three, 
thirty-two and thirty-seven, were found to have 
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TABLE I 


Summary of Electrocardiographic Abnormalities in 
67,375 Normal Subjects 


Per Cent of |Abnormalities 
Total per 1,000 
Abnormalities} Subjects 


Abnormality | No. 


Non-specific 
wave and S-T 
segment changes| 

Ventricular ec-| 
topic beats* | 

First degree 
block | 

Supraventricular | 
premature con- 
tractions 

Atrial rhythm 

Wandering pace- 
maker 

Right bundle 
branch block 

WPW syndrome | 

Possible myocar-| 
dial infarction 

A-V dissociation | 

Ventricular para-| 
systole | 

Left bundle 
branch block | 

Nodal rhythm 

Sinus arrest with) 
escape 

Atrial flutter 
fibrillation 

Idioventricular 
rhythm 

Second degree 
A-V block 

Complete A-V 
block 

Right ventricular 
hypertrophy 

Ventricular tachy- 
cardia 


Total 
abnormalities) 2,527 | 


* Not including parasystole. 


an intermittent idioventricular rhythm. In all 
three instances the baseline tracing showed A-V 
dissociation with the ventricles being stimulated 
by a focus apparently originating in the right 
ventricle. 

Ventricular Tachycardia: One subject, aged 
thirty-five years, was found to have frequent 
premature ventricular contractions with inter- 
mittent ventricular tachycardia as defined by 


the presence of three successive ventricular 
ectopic beats at a rate faster than 100 per 
minute. 

Ventricular Parasystole: Eighteen electrocardio- 
grams were consistent with parasystole origi- 
nating from a ventricular focus.? These dem- 
onstrated typical ventricular fusion beats or 
premature ventricular contractions with varying 
relation to the preceding normal beats and 
not apparently of multifocal origin. 


PREMATURE CONTRACTIONS AND EXTRASYSTOLES 


Supraventricular ectopic beats were noted in 
329 records comprising 12.9 per cent of the 
total abnormalities (4.9 per 1,000 subjects). 
Ventricular ectopic beats (including parasystole) 
were noted in 437 records representing 17 
per cent of the total abnormalities (6.5 per 
1,000 subjects). No significant difference was 
found in the incidence of the supraventricular 
ectopic beats among the various age groups, 
but a definite increase in the older age groups 
was apparent in those ectopic beats originating 
from a ventricular focus. 


INTRAVENTRICULAR CONDUCTION DEFECTS 


Only those records showing the WPW 
syndrome, complete right bundle branch block 
and complete left bundle branch block are 
included here. No record was included with 
the WPW syndrome in which the QRS complex 
had a normal configuration. Only records 
showing complete right bundle branch block 
were included. Records showing a QRS 
duration of less than 0.12 second, in which the 
terminal forces were directed to the right, 
were not included. These three specific ab- 
normalities totaled 225 records, comprising 9 
per cent of the total abnormalities, or a rate of 
3.3 per 1,000 subjects. WPW syndrome was 
observed in 106 records, right bundle branch 
block in 106 and left bundle branch block in 
thirteen. Of interest is the fact that the WPW 
syndrome was as frequent as right bundle branch 
block. ‘There was no significant difference in 
the frequency of the WPW syndrome in the 
various age groups, but right bundle branch 
block tended to occur more frequently at forty- 
five years of age or older (Table 11). 


ATRIOVENTRICULAR BLOCK 


First Degree A-V Block: A total of 350 subjects, 
comprising 13.8 per cent of the total abnormal- 
ities, had electrocardiograms which showed a 
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581 23.0 8.6 
419 16.6 6.2 
350 13.8 5.2 
329 13.0 4.9 
328 13.0 4.9 
152 6.0 
106 4.2 1.6 
106 4.2 1.6 
66 2.6 1.0 
33 1.3 0.5 
18 0.7 0.3 
13 0.5 0.2 
9 0.4 
5 0.2 
5 0.2 
3 0.1 
1 0.0 
1 0.0 
1 0.0 
1 0.0 


Electrocardiographic Survey: Incidence of Abnormalities 


81 


TABLE II 
Incidence Rate per Thousand in Different Age Groups for Certain Electrocardiographic Abnormalities 


| Non- Ven- Supra- First Wander- | Right WPW Possible 
Age specific tricular j|ventricular| Degree Atrial ing Bundle s Myo- 
(yr.) TandS-T| Ectopic Ectopic A-V Rhythm Pace- Branch d cal cardial 
Changes | Beats* Beats Block maker | Block rome | Infarction 
16-20 11.1 4.7 4.0 5.5 21.9 7.9 at 3.2 Bs 
20-24 5.2 5.4 5.3 6.0 9.0 5.0 1.2 1.8 0.3 
25-29 8.9 4.4 5.7 5.1 4.6 1.9 1.1 1.6 0.6 
30-34 7.2 7.7 4.0 4.6 2.0 1.2 2.1 1.8 1.3 
35-39 11.4 6.4 4.6 4.7 1.7 0.7 1.8 1.3 1.5 
40-44 12.0 10.7 4.0 6.2 3.§ 2.7 1.0 3 
45 + 19.0 16.1 4.4 3.0 1.4 4.4 2.9 4.4 
Total 
group 8.6 6.2 4.9 5.2 4.9 2.3 1.6 1.6 1.0 


* Excluding parasystole. 


delay in conduction between the atria and 
ventricles, an incidence of 5.2 per 1,000 subjects. 
No significant difference was seen in the 
incidence of first degree A-V block in the 
various age groups. First degree A-V block was 
defined as a P-R interval of 0.21 second or 
greater when the heart rate was below 100 per 
minute, or a P-R interval of 0.20 second or 
over when the heart rate was over 100 beats per 
minute. Of interest is that only forty-five of 
these 350 subjects had a P-R interval of 0.25 
second or greater, representing less than 1 per 
1,000 subjects. 

Second Degree A-V Block: One subject showed 
this finding associated with a typical Wenke- 
back phenomenon. 

Complete A-V Block: One subject had complete 
A-V block. He was a twenty-six year old 
pilot on full flying duty. 


S-T SEGMENT AND T WAVE CHANGES 


A total of 581 subjects, representing 23 
per cent of the total abnormalities, demonstrated 
S-T segment or T wave changes. The incidence 
rate was 8.6 per 1,000 subjects. Table um 
shows that the rate per 1,000 subjects increased 
significantly in the older age groups. Minimal 
decrease in T wave amplitude alone was not 
included in this group. 

Of particular interest is the fact that twenty- 
one of these 581 individuals were Negroes. 
Whereas the incidence of T wave changes was 
8.6 per 1,000 subjects in the entire study, the 
incidence rate of T wave changes for the Negro 
was 51 per 1,000 subjects. 
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ELECTROCARDIOGRAMS SUGGESTIVE OF 
MYOCARDIAL INFARCTION 


Sixty-six electrocardiograms, representing 2.6 
per cent of the total abnormalities, were 
considered to be suggestive of myocardial 
infarction. This produced an incidence rate of 
1 per 1,000 subjects. The criteria required for 
electrocardiographic diagnosis included all of 
the following: 

Inferior (Diaphragmatic) Wall Infarction: (1) Qs 
of at least 0.04 second duration and followed by an 
R wave; (2) Qavr of at least 0.02 second duration; 
(3) Qe2 must be present; (4) intraventricular con- 
duction must be normal; (5) the amplitude of the 
QRS complex in lead m must be at least 5 mm. (0.5 
mv.), unless Q; is greater than 2.5 mm. (0.25 mv.); 
(6) if the rhythm is sinus, P; must be upright, with 
an isoelectric interval between the P and Q waves. 

Anterior Wall Infarction: .(1) R waves must be 
absent in leads V;, V2 and V3, or there must be 
localized loss of R wave amplitude in leads V2, V3 
or V4; (2) the P wave must be upright in lead 
V2. 


Records were considered borderline for 
inferior wall infarction if all the critera were 
met except that P; was diphasic or inverted. 
Records were considered borderline for anterior 
wall infarction if all the criteria were met 
except that tiny R waves were present in lead 
V3. 

These sixty-six subjects had a tendency to be 
in the older age groups (Table m1). 


MISCELLANEOUS ABNORMALITIES 


Ventricular Hypertrophy: Only one record was 
considered to be compatible with right ventric- 


| | 


Fic. 5. This routine electrocardiogram was thought to 
represent right ventricular hypertrophy and _ atrial 
enlargement. Clinical examination confirmed the 
presence of mitral stenosis. 


ular hypertrophy. This was in a thirty-six 
year old pilot on full flying duty. There were 
also associated marked P wave changes sug- 
gesting atrial hypertrophy (Fig. 5). This 
officer was found to have classic findings of 
mitral stenosis with pulmonary hypertension, 
right ventricular and left atrial enlargement. 
No records were found which could be definitely 
classified as showing left ventricular hypertrophy 
in subjects who were not known to have heart 
disease or some degree of arterial hypertension. 
Borderline cases which might be considered as 
evidence of hypertrophy were included in the 
electrocardiograms classified as showing non- 
specific T wave changes. 

Non-specific Intraventricular Conduction Defects: 
Those subjects whose tracings showed only axis 
deviation to the right or left, non-specific 
increases in QRS duration, QRS notching, 
etc., have not been included in this statistical 
survey. 
OBSERVATIONS ON THE ELECTROCARDIOGRAM 
IN NEGROES 


There were 410 Negroes in this survey, 
representing 0.61 per cent of the total popula- 
tion. Thirty-nine, or 9.5 per cent, had electro- 
cardiographic abnormalities. This is a sig- 
nificantly higher figure when compared to the 
abnormal rate for the white population, which 
was 3.1 per cent. The difference was due 


primarily to the increased incidence of first 
degree A-V block and T wave changes in the 
Negro population. 


Table 11 lists the electro- 
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TABLE 


Incidence of Electrocardiographic Abnormalities Found 
in 410 Negroes in the Survey 


Abnormality 


Atrial rhythm 

Supraventricular premature beats 
Ventricular premature beats 
WPW syndrome 

Right bundle branch block 

First degree A-V block 

T wave changes 

Possible infarction 

Parasystole 

Wandering pacemaker 


nN 


Total 


cardiographic abnormalities found in the 410 
Negroes included in this survey. 


COMMENTS 


The electrocardiographic abnormalities listed 
in Table 1 accounted for 3.7 per cent of the 
population surveyed, or 37.6 per 1,000 subjects. 
Those electrocardiographic abnormalities more 
commonly associated with clinical heart disease 
accounted for a smaller, but still significant 
number. It is also important to realize that 
some changes of cardiac rhythm which are 
not usually considered clinically important are 
of extreme importance when combined with 
the acute physical stresses sometimes en- 
countered during flight. 

It is hoped that the baseline tracings recorded 
on each subject, even when normal, will be 
valuable for the detection of future electro- 
cardiographic changes produced by asympto- 
matic coronary artery disease. 

To further define the importance of the 
various electrocardiographic abnormalities ob- 
served in this survey, the subjects will need a 
comprehensive cardiovascular evaluation and 
long term follow up. Subsequent reports will 
deal with a clinical evaluation of the subjects 
whose baseline electrocardiograms were abnor- 
mal. 


SUMMARY 


The  electrocardiograms obtained from 
67,375 asymptomatic healthy adult men have 
been studied to determine the incidence of 
electrocardiographic abnormalities. 

There were 2,527 electrocardiographic ab- 
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normalities in 2,499 subjects, representing 3.7 
per cent of the total population surveyed. 

The age distribution curve for the total 
abnormalities was almost identical to the 
age distribution curve for the sampled popula- 
tion. 

With increasing age, there was a significant 
increase in incidence of non-specific T wave 
changes, ventricular ectopic beats, right bundle 
branch block, and possible myocardial infarc- 
tion, and a significant decrease in incidence of 
simple atrial rhythm and wandering pace- 
maker. 

There was no significant difference in inci- 
dence among the various age groups for those 
records showing supraventricular ectopic beats, 
first degree A-V block or the WPW syndrome. 

The subjects with A-V dissociation were 
concentrated in the younger age groups, with 
twenty-seven of the thirty-three subjects with 
this abnormality being less than twenty-five 
years of age. 

The electrocardiograms obtained from 410 
Negro officers in the Air Force had a 9 per 
cent abnormality rate compared to a 3.1 per 
cent abnormality, rate for the non-Negro 
population. The source of this increased abnor- 
mality rate was found in the increased incidence 
of T wave changes and first degree A-V block. 


ACKNOWLDGMENT 


We wish to thank the Department of Biometrics, 
School of Aviation Medicine, for its cooperation in 


JULY 1960 


Incidence of Abnormalities 83 


tabulating the data in this study; in particular the 
suggestions and assistance of Miss Margaret Allen were 
indispensible to the success of the survey. We also wish 
to express our gratitude to Mrs. Louise Kelly whose 
continued hard work as supervisor of the USAF Electro- 
cardiographic Repository provided for the efficient and 
rapid processing of the large number of records involved 
in this study. Finally, we wish to thank all the medical 
personnel in the Air Force without whose cooperation 
this project would have been impossible. 


REFERENCES 


1. Fercuson, D. O. and O’Conne.ti, J. T. Cardio- 
vascular observations: electrocardiograms on men 
without heart symptoms. U. S. Navy M. Bull., 
24: 860, 1926. 

2. Woon, F. C., Wotrertn, C. C. and Mixer, T. G. 
Electrocardiography in military medicine. War 
Med., 1: 696, 1941. 

3. GraysieL, A., McFaRLanp, R. A., Gates, D. C. and 
WessterR, F.A. Analysis of the electrocardiograms 
obtained from 1000 young healthy aviators. Am. 
Heart J., 27: 524, 1944. 

4. Pacxarpb, J. M., Graettincer, J. S. and GRAyYBIEL, 
A. Analysis of the electrocardiograms obtained 
from 1000 young healthy aviators. Ten year follow- 
up. Circulation, 10: 384, 1954. 

5. Mannine, G. W. Electrocardiography in the selec- 
tion of Royal Canadian Air Force aircrew  Cir- 
culation, 10: 384, 1954. 

6. Bropy, J. I., Gotpen, L. H. and Tosin, J. L. Right 
bundle branch block in young hospitalized males. 
New England J. Med., 256: 250, 1957. 

7. Lanctey, R. W., Reep, J. C. and Utz, D. C. 
Bundle branch block, a review of 100 cases. Am. 
Heart J., 33: 730, 1947. 

8. Wotrram, J. Bundle branch block without sig- 
nificant heart disease. Am. Heart J., 41: 656, 1951. 

9. Picx, A. Parasystole. Circulation, 8: 243, 1953 


Electrocardiographic Findings in 67,375 


Asymptomatic Subjects 


II. Supraventricular Arrhythmias* 


Capt. Ropert J. FosMog, mc, UsAF, Capt. KeirH H. AVERILL, MC, USAF and 
LAWRENCE E. LAmp, M.D., F.A.C.C. 


San Antonio, Texas 


HIs 1s the second of a series of reports of 
findings found in an 
asymptomatic, healthy flying population of 
67,375 male subjects. The present report is 
concerned with the 861 instances of supra- 
ventricular arrhythmias noted. These include 
sinus arrest, wandering pacemaker, atrial 
rhythm, atrial tachycardia, atrial fibrillation, 
nodal rhythms, A-V dissociation and supra- 
ventricular premature contractions. 

No large survey of subjects with disturbances 
of supraventricular rhythm in an asymptomatic 
population has been published. Graybiel et 
al... in an analysis of electrocardiograms ob- 
tained from 1,000 naval aviators, found only 
one case of A-V nodal rhythm and one instance 
of S-A block with A-V nodal escape. In 1954, 
Manning’ reported on 151 subjects with ab- 
normal electrocardiographic findings among 
5,000 healthy adult men. Only one of these was 
found to have a supraventricular arrhythmia, 
this being a case of paroxysmal atrial tachy- 
cardia. 


MATERIAL AND METHODS 


Sixty-five of the 861 asymptomatic subjects with 
supraventricular arrhythmias have been seen in con- 
sultation at the School of Aviation Medicine and an 
intensive cardiovascular evaluation has been carried 
out in each case. The evaluation included a thor- 
ough physical examination, an additional twelve-lead 
electrocardiogram, a complete blood count, urinalysis, 
fasting blood sugar, serum cholesterol and phos- 
pholipids. Posteroanterior and left lateral roent- 
genograms were recorded in all and additional 
roentgenographic studies were carried out when 
indicated. Special electrocardiographic procedures, 


utilizing a four-channel instrument, were accom- 
plished in all cases. These included continuous 
tracings during rhythmic deep breathing, postural 
changes with the subject lying, sitting, and standing, 
breath-holding, hyperventilation followed by breath- 
holding, carotid sinus massage, and following rapid 
intravenous injection of atropine sulfate (1.2 mg.). 
A double Master exercise test was carried out in the 
majority and quantitative vectorcardiographic anal- 
ysis was also accomplished in most subjects. 

An additional forty-three subjects demonstrating 
atrial rhythm were evaluated under standardized 
conditions at their home base. ‘The evaluation in- 
cluded a thorough physical evaluation, roentgeno- 
gram of the chest, and blood sugar and serum choles- 
terol determinations. The electrocardiogram was 
repeated with the subject lying down and in the 
fasting state. A double Master exercise test was 
performed in all cases. Special electrocardiographic 


TABLE I 


Supraventricular Arrhythmias in 67,375 Electro- 
cardiograms 


Sinus arrest with supraventricular escape beats. . . 
A-V dissociation 


Atrial rhythm 
Passive 


Atrial fibrillation............. 
Nodal rhythm 


Wandering pacemaker 
In atria only 
In A-V node 


Atrial and nodal premature contractions 329 
851 


* From the Department of Internal Medicine, School of Aviation Medicine, The Aerospace Medical Center, 


Brooks Air Force Base, San Antonio, Texas. 
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procedures included the recording of a twelve-lead 
electrocardiogram during a complete respiratory 
cycle (deep inspiration, breath-holding for fifteen 
seconds and expiration) and during orthostasis (im- 
mediately on standing and after standing three 
minutes). Direct communication with the physician 
who examined these subjects was carried out in most 
instances. 

The remainder of the subjects with supraventricular 
arrhythmias have not been studied further because 
of limitations in facilities. 


RESULTS 


The incidence of the various abnormalities is 
given in Table 1. The most frequent arrhyth- 
mias were atrial rhythm (including upper nodal 
rhythm and coronary sinus rhythm) and supra- 
ventricular premature beats. 


ATRIAL RHYTHM 


There were 328 instances of simple atrial 
rhythm in which a focus in the atria became 
the cardiac pacemaker while a routine twelve- 
lead electrocardiogram was being obtained. 
The change in cardiac pacemaker is usually 
manifested by a marked change in the P vector 
with slowing of the cardiac rate. The P-R 
interval is usually normal, commonly 0.10 
second or greater (Fig. 1). Instances of atrial 
rhythm represent 13 per cent of all abnor- 


malities found in the electrocardiogr aphic ous Fic. 1. Uncomplicated atrial rhythm with a normal 
vey. The incidence was 4.7 per 1,000 subjects. P-R interval of 0.18 second and retrograde atrial excita- 
A statistically significant concentration of these tion. 
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ric. 2. Incidence of atrial rhythm. Left, the solid line depicts the per cent of the total population surveyed in each 
ze group. The broken line depicts the per cent of atrial rhythms found in each group. Comparison of the two 
irves clearly demonstrates the increased incidence of the atrial rhythm in the younger age group. Right, the curve 
the incidence per thousand of atrial rhythm for different age groups demonstrates the marked increased incidence 
of this finding in the younger age groups. 
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TABLE I 
Distribution of P Wave Axis in Frontal Plane During Atrial Rhythm 


During Atrial Rhythm 
| | 
P wave axis (degrees) —15 | —75 —90 —105 —120 — 150 +150 Tota 
| 
| | 
No. of subjects 3 93 | 45 23 25 60 4 6 | 2 1 | 262 
Per cent 1.1 94.0 4.9 100 


During Normal Sinus Rhythm 


+15 


P wave axis (degrees) 


No. of subjects 


Per cent 


+30 +45 


26 51 


was found in the younger individuals. Fifty- 

eight per cent of the individuals were twenty- 

four years of age or younger, while only 29 

per cent of the entire population surveyed were 

in this age group. The rate per 1,000 sub- 
jects was 21.9 below the age of twenty, and 9 
per 1,000 between the ages of twenty and twenty- 
four. The rate was only 3 per 1,000 at age 
twenty-five or older (Fig. 2). 

When atrial rhythm began after a longer in- 
terval following the preceding sinus beat and 
continued at a slower rate than the basic sinus 
rhythm, it was classified as passive atrial rhythm. 
This occurred in 311 instances. In seventeen 
subjects, atrial rhythm began with an atrial 
premature beat or the rate was faster than the 
basic sinus rhythm. In these subjects, the 
rhythm was classified as active atrial rhythm. 

P Wave Changes: Atrial rhythm was associ- 
ated with a marked change in the P wave. In 
94 per cent of 262 subjects in whom it could be 
determined, the P vector was between —45 
and —90 degrees during atrial rhythm. It was 
between +30 and +75 degrees in 91.6 per cent 

. of the same persons during the time the pace- 
maker was in the S-A node (Table m). In 


ninety-eight electrocardiograms the change in P 
axis resulting from the change in pacemaker 
could be calculated. In 84.7 per cent of these, the 
direction of the P vector changed 75 to 165 de- 
grees when the pacemaker shifted from the S-A 
node to a site lower in the atrium (Tablem). In 
nearly all cases of atrial rhythm, the P axis 
was equal to, or greater than, —30 degrees, 
giving biphasic to inverted P waves in lead n and 
inverted P waves in leads m1 andaVF. In three 
subjects, the P axis was only —15 degrees, but 
the change in P wave contour was so marked 
compared to the P wave during periods of sinus 
rhythm, that it was clear that a change in the 
location of pacemaker to an atrial focus had 
occurred. 

Changes in P-R Interval: In the cases of inter- 
mittent atrial rhythm, the P-R interval showed 
remarkably little change as the pacemaker 
shifted from the S-A node to the atrium (Table 
Iv). In 98.9 per cent of the cases, the P-R 
interval was 0.12 second or greater during 
normal sinus rhythm. In 86.7 per cent of the 
same subjects demonstrating P wave inversion 
and atrial rhythm, the P-R interval was 0.12 
second or greater. In 172 records the change 


TABLE Il 
Change in P Wave Axis During Conversion from Normal Sinus Rhythm to Atrial Rhythm 


Change (degrees) | 30 45 60 75 | 90 | 105 120 135 150 165 190 | 195 | Total 
| | | | 
No. of Subjects 2 2 8 | 17 9 13 20 10 11 3 a 98 
| 
Per Cent | 12.2 84.7 3.1 100 
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—15 0 +60 +75 +90 | Total 
5 3 30 25 
a 6.3 91.6 2.1 100 
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TABLE IV 
Atrial Rhythm: Distribution of P-R Intervals 


During Atrial Rhythm 


eos ‘ino 0.10 | 0.11 0.12 | 0.13 | 0.14 | 0.15 | 0.16 | 0.17 | 0.18 |. 0.19 | 0.20 | 0.22 | 0.24 | 0.28 | Total 
No. of subjects | 18 22 91 23 60 13 47 3 17 0 3 | 1 1 1 300 
Per cent 13.3 84.7 2.0 100 
During Normal Sinus Rhythm 

P-R interval 
arate es 0.10 | 0.11 0.12 | 0.13 | 0.14 | 0.15 | 0.16 | 0.17 | 0.18 | 0.19 | 0.20 | 0.21 | 0.22 | Total 

| | | | | 

No. of subjects 1 1 15 12 39 | 50 37 7 12 | 4 3 2 } 1 184 
Per cent 1.1 93.5 | 5.4 100 
in the P-R interval between normal sinus (in which the P-R interval during both atrial 


rhythm and atrial rhythm could be deter- 
mined. In one-fifth of these records, there was 
no apparent change in the P-R interval asso- 
ciated with the P vector change (Fig. 3). In 
one-third, the P-R interval shortened by only 
0.01 second. In over half, it shortened 0.02 
second or less, and in 90 per cent of the cases, 
the P-R interval shortened 0.04 second or less. 

The absolute length of the P-R interval asso- 
ciated with P wave inversion is of little impor- 
tance in determining the exact location of the 
pacemaker because, in the majority of cases, 
the P-R interval is normal. It is the change in 
the P-R interval that is of special interest. 
In nearly all cases, there is shortening of the 
P-R interval, but the shorter the P-R interval 
while in normal sinus rhythm, the smaller will 
be the change in the P-R interval as the pace- 
maker shifts to a lower site. 

In nineteen of the 172 electrocardiograms 


Fic. 3. 


ably when the atrial focus becomes the pacemaker. 


Atrial rhythm. Upper strip, the P-R interval does not c 


and normal sinus rhythm was available) the P-R 
interval was 0.10 to 0.12 second while in normal 
sinusrhythm. Thirteen of these records showed 
shortening of the P-R interval during atrial 
rhythm, but in no subject did the P-R interval 
shorten more than 0.02 second. In six of the 
nineteen cases, the P-R interval actually in- 
creased (Fig. 3). During the transition from 
normal sinus rhythm to atrial rhythm, in five 
out of the six cases it increased, 0.01 and 0.02 
second. In one case, it increased 0.12 second; 
the P-R interval was 0.16 second’ during normal 
sinus rhythm and 0.28 second during atrial 
rhythm. 

Effect of Respiration, Body Position and Exercise: 
A characteristic feature of passive atrial rhythm 
is its intermittent character. One hundred 
seventeen (38 per cent) of the 328 subjects with 
atrial rhythm showed only retrograde atrial 
excitation and thus demonstrated a persistent 


hange appreci- 
Lower strip, the P-R inter- 


val lengthens, suggesting increased delay at the A-V junction. 
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atrial rhythm. Special studies performed on 
forty-nine subjects in this laboratory and on 
forty-four subjects at other facilities demon- 
strated that only one subject showed persistent 
P wave inversion when subjected to various 
respiratory maneuvers, postural changes and 
exercise. In eight of thirty-eight subjects 
evaluated at their home bases and six of fifty- 
eight referred to the School of Aviation Medi- 
cine, atrial rhythm could not be reproduced. 
Atrial rhythm will not develop in a number of 
subjects when in the standing or sitting position, 
but will develop while the subject is lying down, 
either with respiratory maneuvers or spon- 
taneously. In several subjects, atrial rhythm 
was demonstrated while they were in the hori- 
zontal position on the tilt table, but at a certain 
point in tilting them upright, normal sinus 
rhythm occurred. ‘These findings suggest that 
permanent atrial rhythm is uncommon and that 
most subjects who demonstrate passive atrial 
rhythm can be converted to normal sinus 
rhythm. 

In the ninety-three patients receiving special 
evaluation, it was observed that normal sinus 
rhythm was usually present after standing, 
exercise, intravenous administration of atropine 
or other procedures that would increase cardiac 
rate or decrease vagal tone. Atrial rhythm 
occurred most often when the subject was lying 
down, especially after deep inspiration. Nor- 
mal sinus rhythm was often present immediately 
after standing; then, three or more minutes 
later, the heart rate would slow and atrial 
rhythm would occur. Some subjects did not 
show atrial rhythm with respiratory maneuvers 
while standing, but would while lying down. 
Less commonly, atrial rhythm occurred im- 
mediately on standing or during inspiration. 

Incidence of Heart Disease: Of the ninety-three 
subjects receiving special evaluation, none had 
evidence of organic heart disease. None of 
these had abnormal double Master exercise 
tests. It was frequently observed that when 
atrial rhythm was present at the time of the 
exercise test, normal sinus rhythm was present 
after exercise. There did not appear to be any 
increased familial tendency toward coronary 
heart disease. Eight subjects gave a previous 
history of scarlet fever, but none were aware of 
previous rheumatic disease or rheumatic ac- 
tivity. In eight instances, the serum cholesterol 
level was over 300 mg. per cent. One subject 


was diagnosed at his home base as having 
familial hypercholesterolemia and had a serum 


sees 


Fic. 4. A-V dissociation develops in the presence of 
atrial rhythm, with recapture occurring in the bottom 
strip. 


cholesterol level of 425 mg. per cent. In one 
of the 328 subjects, aged twenty-four years, with 
atrial rhythm on a routine electrocardiogram, 
acute myocardial infarction subsequently de- 
veloped. 

Other Associated Arrhythmias: During evalua- 
tion, several subjects were found to have other 
arrhythmias. In several A-V dissociation de- 
veloped while they were in atrial rhythm (Fig. 
4). A-V dissociation was often initiated by a 
nodal escape beat. In one man an eight-second 
asystole developed during breath-holding follow- 
ing hyperventilation, and syncope resulted. He 
demonstrated upper nodal rhythm associated 
with a P-R interval of 0.08 to 0.09 second. 
In another subject normal sinus rhythm changed 
to A-V dissociation with breath-holding after 
hyperventilation, and he experienced symptoms 
of near-syncope. When given atropine intra- 
venously, atrial rhythm developed followed by 
A-V dissociation and varying A-V block in the 
presence of atrial rhythm for eight minutes 
(Fig. 5). Administration of atropine abolished 
the symptoms of impending syncope induced 
by hyperventilation and breath-holding. In 
four subjects studied first degree A-V block de- 
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Intermittent atrial rhythm with varying A-V block. Progressive P-R interval 


prolongation with a dropped beat is clearly demonstrated in the bottom strip. 


veloped; two of them also had second degree 
A-V block. 

Location of Ectopic Pacemaker: ‘There is con- 
siderable disagreement among authorities con- 
cerning the location of the pacemaker when 
retrograde atrial excitation is present. The 
confusion began with the work of Zahn*® and 
later, that of Meeks and Eyster.* Zahn classi- 
fied the A-V node functionally into upper, 
middle and lower regions. He studied the node 
by warming various portions of it. These ex- 
periments were rather crude; later, Meeks and 
Eyster refined the study by measuring electrical 
impulses and by stimulating various regions 
of the heart and A-V node. These investi- 
gators thought they had confirmed the work of 
Zahn. It was concluded that the atria could 
not initiate impulses, and when the S-A node 
was not the pacemaker, the A-V node or other 
areas of specialized conductive tissues always 
became the pacemaker. 

The A-V node is only 5 mm. in length and 
2 to 3 mm. in diameter. Experimental tech- 
nics designed to study its three individual parts 
require a degree of precision not apparent in the 
work of either Zahn or Meeks and Eyster. 

Coronary Sinus Rhythm: This is the term used 
by Scherf>—* to identify arrhythmias with retro- 
grade atrial excitation and relatively normal 
P-R intervals. He assumed that the area ad- 
jacent to the A-V node near the coronary sinus 
or the coronary nodal region was the pace- 
maker site. Scherf comments that warming 
the area of the coronary sinus with the right 
atrium open invariably causes middle nodal 
rhythm with no apparent P waves. If this is 

orrect, the observations of Meeks and Eyster* 
in producing upper nodal rhythm with the heart 
open cannot be accepted. 

Langendorf, Simon and Katz" state that 
coronary sinus rhythm results in upright P 
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waves with a short P-R interval, usually less 
than 0.12 second. Since so-called upper nodal 
rhythm is defined as a short P-R interval of less 
than 0.12 second, they classify retrograde atrial 
excitation associated with normal P-R intervals 
as upper nodal rhythm with A-V block, which is 
the same as Scherf’s coronary sinus rhythm. 
This concept originated with the report of a 
patient with a P-R interval of 0.21 to 0.22 
second during sinus rhythm and 0.16 to 0.18 
second during retrograde atrial excitation. 
Apparently no experimental observations have 
been carried out to support this concept. It is 
difficult to accept the concept that a pacemaker 
in the upper portion of the 5 mm. node has a 
distinct area of block below it in the same small 
conducting body. Retrograde atrial excitation 
associated with a P-R interval of 0.12 second or 
more occurred in more than 260 instances in 
this survey and it therefore seems illogical to 
assume that all these asymptomatic subjects 
have a primary focus in the A-V node and A-V 
block. 

Present Concept of Atrial Rhythm: Since the 
work that was the basis for the upper, middle, 
lower nodal concept, a great deal of informa- 
tion has been obtained. It is now accepted that 
numerous areas of nodal fibers are scattered 
throughout the subendocardial tissue of the 
atria which are potential pacemakers for the 
heart." Atrial premature contractions may 
originate from such foci. We have adopted the 
view that such a pacemaker in certain locations 
can induce retrograde atrial excitation followed 
by the normal delay at the A-V junction (or less 
commonly by prolonged delay at the A-V 
junction) resulting in a P-R interval of 0.12 
second or greater. For these reasons, we have 
classified retrograde atrial activation with nor- 
mal or relatively unchanged P-R intervals as 
atrial rhythm. 


Fosmoe, Averill and Lamb 
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Lead 1 recorded in a subject with the WPW syndrome. 


interval was more prolonged during atrial rhythm. When A-V dissociation 
occurred in the presence of atrial rhythm (seventh to tenth complexes) the 


QRS complex became normal. 


Support for the concept of an atrial pace- 
maker without A-V block is found in four ob- 
servations: (1) the high incidence of such an 
arrhythmia in young, healthy subjects; (2) 
the occurrence of typical atrial premature con- 
tractions with retrograde atrial excitation fol- 
lowed by an incomplete compensatory pause 
(implying that the S-A node was stimulated by 
the ectopic pacemaker); (3) A-V dissociation 
with retrograde atrial excitation and nodal con- 
trol of the ventricles; and (4) failure of con- 
version of the WPW syndrome to normal ven- 
tricular conduction in the presence of retro- 
grade atrial excitation. 

It is more likely that A-V dissociation ac- 
companied by retrograde atrial excitation 
results from dissociation between the atria and 
A-V node rather than from dissociation within 
the 5 mm. node between two nodal foci. 

Since aberrant ventricular excitation in the 
WPW syndrome is dependent upon an accessory 
pathway between the atria and ventricles, it is 
highly significant that ventricular excitation 
returns to normal whenever A-V dissociation 
occurs. Persistence of ventricular pre-excita- 
tion during retrograde atrial excitation strongly 
suggests that the atria are in fact stimulated by 
an atrial focus rather than a nodal focus (Fig. 
6). From an atrial focus, the accessory path- 
way can still function between the atria and 
ventricles but it cannot cause pre-excitation 
when the primary pacemaker is in the A-V 
node. 

In view of these comments, we seriously 
question the concept of upper nodal rhythm 
with A-V block and assume that upper nodal 
rhythm is relatively rare. It is further assumed 
that retrograde atrial excitation occurs com- 
monly in young, healthy subjects and is closely 
related to vagal tone. Such an atrial focus may 
be associated with variations in excitation, 
including a short, normal or prolonged P-R 
interval, or other forms of A-V block, aberrant 
ventricular excitation in the WPW syndrome 
and A-V dissociation. The term “‘upper nodal 


rhythm” should be restricted to those patients 
with P-R intervals of 0.10 second or less and 
many of these may, in fact, be shown to have 
atrial rhythms if compared to the P-R interval 
during normal sinus rhythm. The presence of 
retrograde atrial excitation is a common oc- 
currence in young, healthy people and is not 
by itself a manifestation of cardiac disease or is it 
responsible for a significant disturbance in 
cardiovascular dynamics. 

Active Atrial Rhythm: As a result of the elec- 
trocardiographic survey, seventeen subjects were 
classified as having active atrial rhythm. These 
included atrial rhythm initiated by an atrial pre- 
mature contraction and atrial rhythm with a 
faster rate than the basic sinus rhythm. In- 
cluded in this group were subjects who could 
be properly classified as havjng slow atrial 
tachycardia and repetitive atrial tachycardia. 
None of these subjects had clinical symptoms of 
paroxysmal tachycardia, since the cardiac rate 
was not excessive and the bursts of repetitive 
atrial tachycardia were short in duration. 

Active atrial rhythm was often reproduced by 
exercise, standing, expiration or breath-holding 
(Fig. 7). It occurred with procedures that 
ordinarily increased the heart rate. This indi- 
cated that decrease in vagal tone resulting from 
these procedures allowed the more rapid ectopic 
focus in the atria to take over. Although there 
were a few exceptions, atrial premature con- 
tractions seldom occurred in the group with 
passive atrial rhythm. They were _pre- 
dominantly confined to those subjects who 


Fic. 7. Active atrial rhythm with a faster heart rate 
during atrial rhythm as compared to normal sinus 
rhythm (continuous strip). 
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Case 1. Lower 


Upper strip, atrial tachycardia. 
strip, normal sinus rhythm. 


Fic. 8. 


demonstrated an active atrial focus which 
served to initiate runs of active atrial rhythm. 

Several examples of active atrial rhythm or 
repetitive atrial tachycardia were of sufficient 
interest to warrant further comment. 


Case 1. A thirty-five year old pilot was found to 
have persistent atrial tachycardia, rate 115 per 
minute, on a routine electrocardiogram. He was 
asymptomatic and the only significant past history 
was an irregularity of the pulse noted on annual 
physical examination at the age of twenty-four. 
During his evaluation, he varied intermittently be- 
tween normal sinus rhythm and slow atrial tachy- 
cardia (Figs. 8 and 9). It was possible to convert 
the atrial tachycardia to normal sinus rhythm by 
carotid sinus massage and breath-holding. The P 
wave configuration was the same in the presence of 
isolated premature beats as noted during atrial 
tachycardia. Exercise and maneuvers that increased 
the cardiac rate resulted in atrial tachycardia. 
Maneuvers that increased vagal tone resulted in 
normal sinus rhythm. These observations indicate 
that an active atrial focus with an inherent rate of 
approximately 120 per minute was present and 
capable of assuming the role as the primary pace- 
maker whenever vagal tone was diminished. 


Case 2. A twenty-five year old officer was noted 
to have an abnormally rapid heart rate at the time 
of a routine physical examination. Thorough evalua- 
tion revealed no evidence of underlying heart disease. 
A routine electrocardiogram, however, disclosed a 
basically normal sinus rhythm with short bursts of 
atrial tachycardia at a rate of 150 per minute associ- 
ated with episodes of A-V block (Fig. 10). 


Case 3. A twenty-five year old pilot was found to 
have repetitive atrial tachycardia initiated by pre- 
mature atrial beats. When the ectopic atrial focus 
initiated the beat, the P-R interval was prolonged 
(Fig. 11). This is because the premature atrial dis- 
charge occurred during the relative refractory period 
for the A-V junction from the preceding cycle. The 
earlier the premature impulse, the greater would be 
ihe prolongation of the P-R interval. When the 
impulse was sufficiently early to fall within the abso- 
lute refractory phase for the preceding cycle, the 
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Case 1. 


Upper strips, termination of atrial 
tachycardia with carotid sinus massage and breath- 
holding. Lower strips, examples of atrial premature beats 
on standing, inhalation of oxygen and pressure breath- 
ing. 


Fic. 9. 


atrial impulse was completely blocked. The apparent 
progressive prolongation of the P-R interval with 
actual blocked impulses presents a pseudo-Wenke- 
bach phenomenon. 


PAROXYSMAL SUPRAVENTRICULAR TACHYCARDIA 


Of special interest were eight cases of paroxys- 
mal supraventricular tachycardia among sub- 
jects on flying status. Several were combat 
veterans, and nearly all had been flying for at 
least ten years and had successfully passed 
numerous rigid physical examinations. In con- 
trast to the preceding group, in which arrhyth- 
mia was detected as a result of a routine elec- 
trocardiogram, all eight subjects originally 
sought medical attention because of symptoms 
associated with a paroxysmal atrial tachycardia. 
Two of these cases occurred in association with 
the WPW syndrome. 

The characteristic history in this group of 
subjects was that they had been fatigued, under 
emotional stress or had maintained poor per- 
sonal hygiene. Most of the subjects who ex- 
perienced several episodes learned themselves 
that vagal maneuvers such as _ breath-holding 
would abort their attacks. All patients except 
one were in the thirty to forty year age group. 
Only one subject demonstrated significant 
findings on special examinations; 2:1 atrial 
flutter developed while he was on the tilt table. 

Supraventricular tachycardia without heart 


dees 
tester 


Fic. 10. Case 2. 
(following fifth QRS complex). 


short bursts of atrial tachycardia. 


disease is common.!?— Long term evaluation 
of several series of patients has shown that the 
occurrence of paroxysmal atrial tachycardia in 
apparently healthy persons seems to have no 
effect on prognosis or longevity. 


ATRIAL FIBRILLATION 

Five cases of atrial fibrillation were detected 
during the course of reviewing 67,375 records. 
None of these subjects had been previously diag- 
nosed and all were on active Air Force flying 
duty. Their ages were twenty-two, twenty- 
eight, thirty-six, thirty-eight and forty-five years. 


Case 4. A thirty-six year old pilot was seen who 
had flown either as a civilian or in the Air Force for 
eighteen years. He had been in combat for three 
years and had flown fifty missions in World War u. 
On questioning, he admitted that he “‘always had 
difficulty taking his own pulse,”’ because it seemed 
irregular, even during childhood. During the annual 
physical examination doctors frequently listened to 
his heart for a long time and would question him as 
to whether or not he had any type of heart disease. 
However, the patient had never experienced any 
symptoms, had played basketball in college and had 
always been very active physically. It was not until 
his first electrocardiogram was taken at the age of 
thirty-four that the diagnosis of atrial fibrillation was 
made. An exhaustive examination at the time failed 
to disclose the etiology of his atrial fibrillation. He 
has been followed up for over two years and chronic 
atrial fibrillation persists without symptoms or signs 
of other disease. 


Atrial fibrillation occurs most commonly in 
rheumatic heart disease with mitral stenosis, 


Fosmoe, Averill and Lamb 


In the lower strip, note the blocked atrial impulse fol- 
lowing the sixth QRS complex (P wave superimposed on T wave) followed by nodal escape. 


Short burst of atrial tachycardia with occasional blocked atrial impulse 


coronary heart disease and hyperthyroidism. 
It is less commonly observed in asymptomatic 
subjects with apparently normal hearts. In 
these subjects, the arrhythmia was precipitated 
by some non-cardiac cause. 

In 1926, Orgain, Wolff and White’® first 
emphasized a benign atrial fibrillation in 
certain instances when they presented forty-nine 
patients with this finding without signs of cardiac 
disease. 

In 1930, Fowler and Baldridge” reported on 
ten patients in whom atrial fibrillation appeared 
without evidence of heart disease. They be- 
lieved that abdominal disease and alcohol 
were the most common exciting agents. Fried- 
lander and Levine* state that purely functional 
atrial fibrillation without organic heart disease 
accounts for 5 to 6 per cent of atrial fibrillation. 
Tobacco, alcohol and other toxic factors may 
be the precipitating causes. In others, emo- 
tional stress, fatigue, violent exertion and acute 
gastrointestinal illness may be _ implicated. 
Atrial fibrillation associated with these con- 
ditions is usually paroxysmal in character and 
brief in duration. 


NODAL RHYTHM 


Of the 67,375 subjects in whom routine elec- 
trocardiograms were recorded, only nine demon- 
strated nodal rhythm. ‘Three records demon- 
strated middle nodal rhythm with the P waves 
buried in the QRS complexes. In all records, 
the P-R interval was less than 0.10 second. Al! 
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Upper strip, middle nodal rhythm. 


Lead 1. 
Lower strip, upper nodal rhythm. 


Fic. 12. 


but two were intermittent with the pacemaker 
changing from the S-A node to the A-V node 
during the course of a routine twelve-lead 
electrocardiogram. Six of the subjects had 
passive nodal rhythm evidenced by cardiac 
slowing as the pacemaker shifted to the A-V 
node (Fig. 12). The other three subjects had 
an active nodal focus intermittently controlling 
the heart, with repetitive nodal tachycardia. 
The rate while in nodal rhythm in these three 
records was 80, 95 and 120 per minute, re- 
spectively. 

Case 5. A thirty-seven year old pilot gave a his- 
tory of a recent episode of unexplained loss of con- 
sciousness. He had no evidence of organic heart 
disease. When in a horizontal position on a tilt 
table, a persistent nodal rhythm with a P-R interval 
of 0.09 second and a cardiac rate of 62 per minute 
developed. With the subject tilted to the upright 
position, normal sinus rhythm appeared, but maneu- 
vers designed to slow the heart would produce short 
periods of nodal rhythm. 


The rarity of classic nodal rhythm in an 
asymptomatic healthy population is pointed up 
by the low incidence (0.01 per cent) noted in 
this survey. Even in the absence of cardiac 
disease the slow heart rate accompanying passive 
nodal rhythm is not infrequently associated 
with symptoms of syncope and tendency to 
collapse due to bradycardia. 


SUPRAVENTRICULAR PREMATURE CONTRACTIONS 


Supraventricular ectopic beats were noted in 
329 records, comprising 12.9 per cent of the 
total abnormalities. This produced a rate of 
4.9 per 1,000 subjects. There appeared to be 
no significant difference in the incidence of the 
supraventricular ectopic beats among the various 
age groups (Fig. 13). There were no other signs 
of cardiac disease. 
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Fic. 13. Incidence of supraventricular contractions. 
The solid line depicts the per cent of the population 
surveyed in each five-year group. The broken line shows 
the per cent of all subjects with supraventricular pre- 
mature contractions in each five-year age group. The 
similarity of the curves indicates that age is not a factor 
in the frequency of supraventricular premature con- 
tractions. 


WANDERING PACEMAKER 


One hundred fifty-two (0.22 per cent) were 
found to have a wandering pacemaker. None 
were included in the group with atrial rhythm, 
This term was applied to those subjects who had 
a gradual change in the location of the pace- 
maker in a cyclic fashion without the lower 
pacemaker establishing a basic rhythm. In 
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Fic. 14 Incidence of wandering pacemaker. The 
solid line depicts the per cent of the population surveyed 
in each five-year age group. The broken line shows the 
per cent of all subjects with wandering pacemaker in 
each five-year age group. The increase in frequency of 
subjects with wandering pacemaker in the younger age 
groups is apparent. 
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Fic. 15. A-V dissociation begins during the first strip. An upright P wave follows the 


sixth QRS complex due to S-A node stimulation. 


Lower nodal rhythm and retrograde 


P waves are seen in the second strip. Lower nodal rhythm changes to A-V dissociation 
again in the bottom strip with an upright P wave following the second QRS complex and 


finally recapture by the S-A node occurs. 


two subjects the pacemaker was gradually dis- 
placed into the A-V node. The majority of 
subjects demonstrating this arrhythmia were 
in the younger age group. Sixty-five per cent 
were twenty-four years of age or younger while 
only twenty-nine per cent of the total survey were 
twenty-four years of age or younger (Fig. 14). 
The preponderance of young subjects with 
this finding suggests that it is not associated 
with significant cardiac disease and is more 


closely related to vagal inhibition of cardiac 


excitation. Its significance is comparable to 
that of atrial rhythm. 


A-V DISSOCIATION 


A-V dissociation was found in thirty-three 
(0.05 per cent) subjects. The majority were in 
the younger age group, twenty-six (eighty per 
cent) of them twenty-four years of age or less. 
Six of these subjects received extensive evalua- 
tion. None had evidence of cardiovascular 
disease. In three, A-V dissociation was again 
induced with maneuvers designed to increase 
vagal tone. In the other three instances it was 
not possible to reproduce A-V dissociation. 
Subsequent tracings in many other instances 
demonstrated the intermittent nature of the 
arrhythmia. 

For purposes of classification, all electrocardio- 
grams that demonstrated dissociation between 
atrial and ventricular excitation for three or 
more successive cycles were diagnosed as A-V 
dissociation. Isolated escape beats with dis- 
sociation were not included in this category. 
In all instances, the atrial and ventricular rates 
were very similar. With relatively long con- 
tinuous records, all examples of A-V dissociation 
proved to be intermittent in nature. 


The incidence of A-V dissociation reported 
from hospital and clinic facilities is seven in 
8,000 records and forty-eight in 10,000 records. 
It is reported to occur in acute rheumatic fever 
and other febrile illnesses. It may occur after di- 
gitalis administration. Marriott et al.’ report it 
may occur secondary to variations in autonomic 
control of the heart such as during respiratory 
maneuvers, ocular pressure, carotid sinus 
pressure, the administration of atropine, in- 
creased intracranial pressure, pheochromocy- 
toma and by administration of a variety of 
drugs. Marriott, however, states that A-V 
dissociation is seen predominantly in elderly 
patients with severe degenerative cardiovascular 
disease, since only six of his thirty-nine patients 
had no evidence of heart disease and nearly all 
were over fifty years of age. This is in sharp 
contrast to the observations of our survey in 
which A-V dissociation was most common in the 
younger age groups and demonstrable heart 
disease was not a factor. 

Although A-V dissociation was relatively in- 
frequent on routine electrocardiograms ob- 
tained with the subject recumbent, it should be 
pointed out that A-V dissociation is relatively 
common during respiratory maneuvers, ortho- 
static stress and administration of atropine.”—?? 

Even if heart disease can be satisfactorily ex- 
cluded in these subjects, the question remains 
concerning the stability of cardiovascular dy- 
namics in subjects with A-V dissociation ob- 
served on routine tracings. A-V dissociation is 
a form of nodal rhythm and is commonly as- 
sociated with relative bradycardia. Many ex- 
amples of induced syncope observed in this 
laboratory have been associated with A-V 
dissociation and cardiac arrest, often initiated 
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by simple respiratory maneuvers. The answer 
as to whether or not subjects with spontaneous 
A-V dissociation are in fact more prone to cir- 
culatory collapse awaits further investigation. 
A-V dissociation is closely related to nodal 
rhythm as exemplified by several instances of A-V 
dissociation changing to lower nodal rhythm 
and back again to A-V dissociation (Fig. 15). 


SINUS ARREST 


Five examples of sinus arrest with escape beats 
were noted. None of the periods of arrest were 
prolonged. In four instances a nodal escape 
beat terminated the transitory arrest and in 
one instance the escape beat originated from an 
atrial focus. All were noted in young people, 
their ages being twenty to twenty-four years. 
Sinus arrhythmia and sinus bradycardia (rate 
50 to 60 per minute) was a feature of all. Short 
transitory sinus arrest with a very early escape 
beat has no apparent ill effects on cardiovascular 
dynamics and is not apparently associated with 
heart disease. Most likely such innocuous 
findings are due to increased vagal tone, so 
common in the younger age group. 


, SUMMARY 


Of 67,375 healthy members of the Air Force 
flying population, 861 subjects had supraven- 
tricular arrhythmias discovered by a routine 
electrocardiogram. These included 328 sub- 
jects with atrial rhythm, 329 with supraventric- 
ular premature contractions, 158 with wander- 
ing pacemaker, thirty-three with A-V dis- 
sociation, nine with nodal rhythm, five with 
atrial fibrillation, and five with sinus arrest with 
nodal escape. 

Increased vagal tone, common to youth, ap- 
pears to be the greatest cause of atrial rhythm 
(sometimes called upper nodal rhythm with 
A-V block), wandering pacemaker, sinus arrest 
with nodal escape, A-V dissociation and perhaps 
nodal rhythm. A high incidence of these ab- 
normalities occurs below the age of twenty-five 
years and the incidence drops sharply past this 
age. This is in contradistinction to premature 
contractions which occur at the same rate per 
thousand subjects through all age groups of the 
survey. 
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Electrocardiographic Findings in 67,375 


Asymptomatic Subjects 


III. 


HIS paper presents the incidence of various 
rhythms found in an electro- 
cardiographic survey of 67,375 healthy male 
subjects of various ages. 

A ventricular rhythm may be defined as a 
period of cardiac excitation where the dominant 
pacemaker is located somewhere in the ventric- 
ular system. The types of ventricular rhythms 
span a wide range of cardiac arrhythmias from 
innocuous premature ventricular contractions 
to ventricular tachycardia and _ ventricular 
fibrillation. There is little known of the inci- 
dence of these arrhythmias in the asymptomatic 
healthy population. 


MATERIAL AND METHODS 


The population of this survey was composed of 
67,375 male subjects on flying status with the U. S. 
Air Force. All these men were, to the best of our 
knowledge, asymptomatic. They received fairly 
close medical observation through annual routine 
physical examinations and readily available medical 
attention from their flight surgeons and other Air 
Force medical facilities. Electrocardiograms were 
obtained solely for the purpose of fulfilling the Air 
Force regulation which requires a baseline electro- 
cardiogram on all members of the flying population ; 
records taken because of clinical indication have 
been excluded. The details of this survey have been 
described in the first paper of this series. 

An analysis was made of the age incidence and 
associated heart rates of those subjects who demon- 
strated one or more premature contractions which 
were indisputably of ventricular origin. In each 
case an attempt was made to localize the site of the 
ectopic focus either to the right or to the left ventricle. 
It is admitted that it is not possible to do this with 
assurance in all cases. 


Capt. RoLanp G. Hiss, mc, usAF, Capt. KerrH H. AVERILL, MC, USAF and LAWRENCE E. Lamps, 
M.D., F.A.C.C. 


San Antonio, Texas 


Ventricular Rhythms* 


Premature ventricular systoles of parasystolic 
origin were interpreted differently from the isolated 
premature ventricular contractions bearing a fixed 
relationship to the preceding normal beat. Ventric- 
ular tachycardia and three cases of idioventricular 
rhythm with A-V dissociation were detected and 
investigated. An additional case of idioventricular 
rhythm from the flying population studied prior to 
this survey is reported since such findings are rela- 
tively rare. 


RESULTS 


Analysis of the records has revealed the pres- 
ence of all known ventricular rhythms with the 
exception of ventricular flutter and ventricular 
fibrillation. As the ages of the subjects range 
from the late teens to the mid-fifties, it would 
seem justifiable to conclude that the incidence 
of various types of ventricular arrhythmias in 
the groups surveyed would be an approximate 
index of the incidence of these same arrhythmias 
in the entire asymptomatic, healthy adult pop- 
ulation. The only exception which might be 
made stems from the fact that the entire popu- 
lation surveyed was male, and therefore any 
electrocardiographic entity which has sex pre- 
ponderance would not be correctly assessed by 
this study. Clinically unrecognized arterio- 
sclerosis and its various manifestations would be 
the only major diagnostic entity known to 
have definite preponderance for one sex which 
could be expected to distort these statistics. 
However, the various electrocardiographic phe- 
nomena discussed in this paper are not usually 
manifestations of arteriosclerosis (with the possible 
exception of the one example of multifocal pre- 


* From the Department of Internal Medicine, School of Aviation Medicine, The Aerospace Medical Center, Brooks 
Air Force Base, San Antonio, Texas. 
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Fic. 1. The frequency distribution of ventricular prema- 
ture contractions (broken line) compared with the entire 
survey population showed a slight increase in the older 
age groups. Values are expressed in per cent of respec- 
tive population in each five-year age group. 


mature ventricular contractions and the one 
instance of ventricular tachycardia). 

If it is assumed that this study provides a 
reliable index of ventricular rhythms in the 
normal, healthy population (the size of the 
population surveyed lends definite statistical 
significance), it miay be concluded that the 
incidence of various ventricular rhythms in a 
healthy population is actually quite low. 


ISOLATED PREMATURE VENTRICULAR 
CONTRACTIONS 


Of the 67,375 subjects surveyed, 419 (0.62 
per cent) showed one or more isolated prema- 
ture ventricular contractions. The average 
age of these subjects was 31.8 years, which is 
not significantly different from the average 
age of the entire survey group. The average 
heart rate was 71.4 beats per minute, which 
also is approximately the same as the average 
heart rate on all tracings. 

A comparison of the frequency distribution 
of subjects in each five-year age group from the 
population surveyed and the frequency distri- 
bution of subjects in each five-year age group 
with ventricular premature beats demonstrates 
a significant increase in the incidence of this 
abnormality in subjects more than forty years 
of age (Fig. 1). Expressed in another manner, 
the rate per 1,000 varied between 4.7 and 7.7 
between sixteen and thirty-nine years of age; 
10.7. between forty to forty-four years; and 
16.1 above forty-five years of age (Fig. 2). 

The number of subjects showing ventricular 
premature beats (419 or 0.6 per cent) was 
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Fic. 2. The small broken line shows the rate per 1,000 
incidence of premature ventricular contractions. The 
rates of premature contractions originating in the right 
ventricle (large broken line) and in the left ventricle 
(solid line) indicate a marked increase of the former but 
no change of the latter in the older age groups. 


considerably smaller than had been expected. 
It has long been recognized that few people 
live a lifetime without an occasional premature 
ventricular contraction, but the probability 
that a chance prematurity occurred during the 
brief duration of a routine electrocardiogram is 
quite small. It is believed that most of the 
419 subjects who showed premature ventricular 
contractions were those who have premature 
beats rather frequently. 

The medical literature provides a wide range 
of other incidence values for ventricular pre- 
mature beats. Scherf and Schott? have sum- 
marized most of these and point out that the 
incidence in a given survey will depend on the 
age of the population studied and the clinical 
status of its members. Thus, White found 974 
(9.7 per cent) patients with premature ventric- 
ular beats in 10,000 who had electrocardio- 
grams at the Massachusetts General Hospital 
from 1914 to 1931,' and 2,007 (8 per cent) 
of 25,000 from 1934 to 1943.4 Katz and Pick 
found 3,745 instances of ventricular premature 
beats in their series of electrocardiograms on 
50,000 patients. As these last three studies were 
conducted on hospital and office patients 
(many of them with heart disease), their results 
cannot be compared to ours. Studying asymp- 
tomatic subjects, Graybiel et al.* discovered 
eight (0.8 per cent) subjects with ventricular 
prematurities in a survey of 1,000 healthy young 
aviators, and Stewart and Manning’ found nine 
(1.8 per cent) of 500 in their study of Royal 
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TABLE I 
Relative Frequency of Premature Ventricular Contractions Originating from Right and Left Ventricles 


Premature 


Right Ventricle Left Ventricle 


Ventricular 


Contractions | Average Age 
(no. ) | . (yr.) 


Group 


Average Rate Average Age | Average Rate 
(per min.) 7 (yr.) (per min. ) 


1 32.51 
2 to 4 32.10 
5 to 10 33.87 
More than 10 30.79 


69.79 31.30 | 69.34 
71.87 30.13 69.87 
72.85 27.58 75.44 
74.27 34.00 68.75 


32.37 


73.38 30.32 70.52 


Canadian Air Force aircrew members. Dauwe® 
reports 141 instances (0.6 per cent) in 24,000 
“normal subjects.” By pooling all these studies 
with ours, of 92,875 people surveyed, there 
would be 577 (0.62 per cent) asymptomatic 
healthy subjects frequently showing ventricular 
premature beats. This incidence figure can 
be assumed to be approximately correct con- 
sidering the size of the composite survey and the 
relative agreement of the contributing statis- 
tics. 

The number of premature beats noted on the 
various tracings were divided into four groups 
as follows: group 1, only one premature beat 
noted on the entire record; group mn, two to 
four prematurities noted; group m1, five to ten 
prematurities noted; and group Iv, more than 
ten prematurities noted. Table 1 gives the 
age incidence and average heart rates of each 
of these four groups and also divides the total 
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Fic. 3. Incidence of premature ventricular contractions 
originating from a focus in the right ventricle (broken 
line) as compared with those originating in the left ven- 
tricle (solid line) shows the total number of the former 
was approximately three times that of the latter. 


number of premature beats into two general 
types, those from the right ventricle and those 
from the left ventricle, respectively. 

The mounted electrocardiogram utilized in 
our survey included all twelve leads, each one 
approximately 4 cm. in length. Thus, forty- 
eight seconds of cardiac function were graphi- 
cally recorded. As indicated in Table 1, the 
average heart rate was approximately 71 beats 
per minute, so that a forty-eight-second record 
would average fifty-seven cardiac cycles. Thus, 
subjects with one premature beat on their 
record had one premature beat in fifty-seven 
beats (1.8 per cent). Subjects in the second 
group with two to four premature beats had 
three for every fifty-seven cardiac contractions 
(5.3 per cent). Those in the third group with 
five to ten premature beats averaged seven for 
every fifty-seven heart beats (12.3 per cent), 
and the last group with ten or more premature 
beats per tracing had at least ten for every 
fifty-seven beats (18 per cent). Table 1 shows 
that differences in heart rate do not account 
for the frequency of premature beats in the four 
groups. 

Table 1 and Figure 3 show the age incidence 
of those subjects with ventricular premature 
beats from an ectopic focus in the right ventricle 
(QRS configuration similar to left bundle 
branch block) as compared with the left ventricle 
(configuration of right bundle branch block). 
The number of premature beats from the right 
ventricle was approximately three times those 
from the left ventricle; the rate per 1,000 inci- 
dence of the former increased fourfold from 
the youngest to the oldest age group while the 
rate per 1,000 of the latter did not change 
significantly (Fig. 2). Heart rates for both 
groups were the same. 


THE AMERICAN JOURNAL OF CARDIOLOGY 


98 
It 
III | 
IV 
Total | 308 
= 
A 
80 
\ 
\ 
/ \ 
60 
/ \ 
/ \ 
| 
/ \ 
\ 
/ \ 
201-4 
/ \ 
\ 
504 
| 
| 


Electrocardiographic Survey: Ventricular Rhythms 


99 


Fic. 4. Case 1. 
located within the ventricle. 


| 
i 


An example of A-V dissociation in which the lower focus was 
Note the first two complexes in lead 1 in which 


the superimposition of the P wave on the ascending limb of a widened QRS 
complex mimics the WPW syndrome. Examples of the idioventricular focus with 
absent P waves are seen in leads V; and V3. 


Of the 419 subjects who showed at least one 
premature ventricular contraction twenty-two 
(5.2 per cent) showed interpolated premature 
beats. These were evenly distributed through all 
age groups. There were sixteen which appeared 
to come from the right, and six from the left 
ventricle, which is approximately the same 
ratio as for all types of premature beats. 

Rhythmically recurring premature beats producing 
the pattern of bigeminy, trigeminy or quadri- 
geminy were also noted to occur occasionally as 
follows: bigeminy, four cases (0.9 per cent of 
all premature beats); trigeminy, three cases 
(0.7 per cent); and quadrigeminy, one case 
(0.2 per cent). These variations arose from 
foci in the right vs. the left ventricle in the same 
ratio as for all premature beats, namely, 3 to 1. 
The incidence of bigeminy, trigeminy and 
quadrigeminy in the total population surveyed 
is exceedingly small. The percentages have 
10t been calculated as the quantitative expres- 
ion of such small numbers has doubtful signifi- 
ince. (Fusion beats from a supraventricular 
nd a ventricular focus were seen in several 
ases, but this was considered prima facie evi- 
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dence of ventricular parasystole and they are 
not included in this part of the study.) 

There was only one instance in which the pres- 
ence of multifocal premature contractions could be 
definitely ascertained. In all other cases the 
fixation of coupling was so constant and the 
configuration of premature beats within a given 
record was so similar that the diagnosis of mul- 
tifocal ectopic beats could not be considered. 
This tends to support the generally accepted 
principle that multifocal premature ventricular 
contractions are evidence of organic heart dis- 
ease. 


A-V DISSOCIATION IDIOVENTRICULAR 


RHYTHM 


WITH 


Three instances of true idioventricular rhythm 
with A-V dissociation were discovered. The 
definition of an idioventricular rhythm, in the 
broad sense, could include all forms of arrhyth- 
mia where a dominant ventricular focus is in 
control of the heart for three or more consecu- 
tive beats. (Two consecutive beats which are 
of ventricular origin may indeed arise from a 
ventricular focus and thereby be considered a 
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Fic. 5. Case1. The first and last portions of the strip show A-V dissociation with an idio- 


ventricular focus in control of the heart. 


The middle portion shows ventricular capture 


by the sinus node with a fusion beat from the two foci seen in the sixth complex from:the 
left. 


short burst of idioventricular rhythm, but in most 
instances these prove to be simple premature 
beats with a double re-entry phenomenon.) The 
category of idioventricular rhythm could then 
include (1) ventricular parasystole in which exit 
block is not operative; (2) ventricular prema- 
ture beats with successive repetitive re-entries; 
(3) ventricular tachycardia from an active 
ectopic ventricular focus; or (4) a ventricular 
rhythm originating from a focus somewhere in 
the ventricular conduction system acting as a re- 
serve pacemaker. This latter variety is not 
pathologic and usually not active, but is the last 
unit in a chain of reserve pacemakers with which 
the heart isendowed. All three examples classi- 
fied as idioventricular rhythm in this survey were 
of this type. They may simply be described as 
A-V dissociation with the ventricle being stimu- 
lated by a focus within the ventricle or below the 
main stem of the A-V node. Ventricular ex- 
citation resulted in broad QRS complexes as 
seen in ventricular premature beats or bundle 
branch block. In each case the basic rate of the 
idioventricular focus was very slow. Such 
rhythms in man are quite rare. 


None of the 


The four leads were recorded simultaneously. 


three subjects from the survey or the additional 
subject included in this report manifested any 
degree of A-V block. 

The S-A node is the usual cardiac pacemaker, 
but in its temporary failure cardiac excitation 
may be passively assumed by a focus in the atria, 
the A-V node, the main stem bundle, either 
bundle branch or somewhere in the Purkinje 
system. These foci are believed to be physio- 
logic and are always ready to fulfill the role of 
cardiac pacemaker should the focus above it in 
the chain temporarily fail to fire. The inherent 
rate of each is slower than the one above it, with 
the sinus node most rapid. Its action suppresses 
the others so that they are only seen intermit- 
tently and rarely in the normal subject. It 
would follow that the incidence of manifest 
reserve pacemakers would decrease in relation to 
their decreasing inherent rate. This has been 
our experience.® Atrial rhythm (the second 
fastest pacemaker in the heart) was seen in 328 
subjects; nodal rhythm was seen in nine sub- 
jects and A-V dissociation with idioventricular 
rhythm was seen in only three subjects. A-\ 
dissociation with an A-V nodal pacemaker was 
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Fic. 6. Case 1. Routine twelve-lead electrocardiogram 
showing A-V dissociation with an idioventricular focus in 
control of the heart for almost every beat. Note the P 
wave immediately following the QRS complex in the 
third beat from the left of lead 1, and the variable P-R 
interval in lead V;. A fusion beat from the supraven- 
tricular and ventricular foci is seen in the last complex in 
leads aVR, aVL and aVF which were simultaneously 
recorded. 


seen in thirty-three subjects (ten times as often as 
A-V dissociation with an idioventricular pace- 
maker). 

These three cases were of such unusual inter- 
est and extreme rarity as to warrant presenta- 
tion as brief case histories. In each the func- 
tion of pacemaker was intermittently assumed 
by some focus below the bifurcation of the A-V 
node when the normal sinus pacemaker was tem- 
porarily slowed. It may be assumed that the 
ventricular foci in these three subjects were con- 
siderably more active than would be expected. 
This is evidenced by their extreme readiness to 
become the cardiac pacemaker at the slightest 
slowing of the S-A nodal rate before an atrial or 
A-V nodal focus could assume control. 

Each case may be regarded as a form of para- 
systole in the same sense that the A-V node is 
parasystolic to the S-A node. They are not, 
however, parasystole in the usual connotation 
by which is implied a focus in the ventricular 
muscle mass with its own inherent rate, entrance 
and exit block. This will be discussed later. 
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Fic. 7. Case 2. An idioventricular focus in the left 
bundle branch of left ventricle is in control of the heart 
throughout this routine tracing. Note the QRS con- 
figuration which mimics right bundle branch block and 
the absence of P waves. 


Case 1. This was a twenty-four year old pilot 
whose routine electrocardiogram is shown in Figure 
4. The first two ventricular complexes in lead 1 
suggested an intermittent WPW syndrome and he 
was brought to the School of Aviation Medicine 
for further evaluation of the finding. Past medical 
and family histories were non-contributory. System 
review, physical examination, routine laboratory 
studies and roentgenogram of the chest were all 
within normal limits. A routine electrocardiogram 
was normal. However, with special maneuvers 
such as orthostasis, prolonged breath-holding, hy- 
perventilation and deep rhythmic breathing, several 
episodes of A-V dissociation with an idioventricular 
focus acting as the lower pacemaker were intermit- 
tently observed (Fig. 5). These were most commonly 
observed during periods when the sinus pacemaker 
activity was slightly slowed, such as at the height 
of deep inspiration, following the release of prolonged 
breath-holding and after extended recumbency. 

With exercise, such as following the double Master 
test, the heart rate increased to 105 beats per minute 
and a normal sinus rhythm prevailed. The rapid 
heart rate associated with hyperventilation was also 
of the normal sinus variety. It was only when the 
heart rate was slowed by some vagal mechanism 
that A-V dissociation was noted. Figure 6 shows a 
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Fic. 8. Case 2. The four leads were recorded simultaneously. The first and 
last portions of the strip show A-V dissociation with an idioventricular focus as 
the subatrial pacemaker. The middle portion shows ventricular capture by the 
sinus pacemaker with normal sinus rhythm. 


complete twelve-lead tracing with almost all beats of 
idioventricular origin. 


Comment: It will be noted in Figure 4 that P 
waves can be seen immediately preceding some 
QRS complexes and superimposed on the as- 
cending limb of the R wave (leads1, Vs; and Ve). 
It was this configuration which gave the initial 
erroneous impression of WPW = syndrome. 
However, on closer examination, it was deter- 
mined that the patient was demonstrating in- 
termittent A-V dissociation with a ventricular 
focus below the A-V node, and ventricular fu- 
sion beats. Figure 5 demonstrates one exam- 
ple of an intermediary type configuration which 
is believed to be a fusion beat. ‘This is the sixth 
complex from the left. In such cases, the ven- 
tricle may be excited at the onset of A-V disso- 
ciation by impulses originating from the atria as 
well as impulses originating from the ventricle. 
This results in a ventricular fusion beat resem- 
bling a WPW complex. This frequently oc- 
curs also when the atrial rate increases and just 
before atrial recapture occurs. Ventricular 
fusion beats cannot occur unless a focus below 
the bifurcation of the A-V node participates in 
excitation; therefore, fusion beats are not seen 
in A-V dissociation with the common A-V node 
acting as a pacemaker. Ventricular fusion 
beats do not occur in complete A-V block either 
since the atrial impulse cannot invade the ven- 
tricle. 


Case 2. This subject was a thirty-three year old 
pilot whose routine electrocardiogram is shown in 
Figure 7. During special maneuvers many examples 


of A-V dissociation with an idioventricular pace- 
maker were noted (Fig. 8). At the beginning of this 
tracing there is a ventricular pacemaker and no P 
waves are seen. ‘The second complex in the tracing 
shows a P wave immediately in front of the QRS 
complex and the mid-portion of the tracing shows 
recapture of the ventricles by the S-A node with 
four sinus beats before dissociation again occurs. 
(It may be noted that while the ventricular focus is in 
control of the heart, the QRS complexes mimic the 
configuration of right bundle branch block, so that 
it may be postulated that the focus in question is 
located within the left bundle.) 

Following intravenous injection of 1.2 mg. atro- 
pine sulfate, A-V dissociation was again noted 
(Fig. 9), but it was of a different type than formerly 
seen. This was the usual type of dissociation due to 
administration of atropine where the lower focus is 
nodal in location. 


Comment: This subject showed two types of 


A-V dissociation. Without medication, ma- 
neuvers which elicit vagal responses and slow 
the heart caused A-V dissociation in which the 
lower focus was ventricular. It is postulated 
that the sinus rate fell below the inherent rate of 
the reserve ventricular pacemaker so that the 
latter assumed control of the heart in a passive 
manner. With administration of atropine, an- 
other form of A-V dissociation occurred, the A-V 
node being the lower focus in this case. A-V 
dissociation following administration of atropine 
is a common phenomenon in many normal sub- 
jects.“ In this instance, release of vagal in- 
hibition of the A-V node due to the action of 
atropine induced an active A-V dissociation 
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Case 2. A-V dissociation occurred following intravenous injection of 1.2 mg. 


atropine sulfate. Note that the subatrial focus in this instance is located in the A-V node, 
producing QRS complexes which are normal in configuration. Compare the A-V dissocia- 
tion seen in this figure with that in Figure 8 from the same subject. 


Fic. 10. Case 3. Routine tracing showing numerous episodes of transient A-V 
dissociation with an idioventricular focus in control of the heart. Ventricular 
capture by the sinus pacemaker is seen in leads 1 and V2, and beginning dissocia- 
tion with an idioventricular pacemaker in control is seen in leads aVF and V3. 


with the A-V nodal rate being faster than either 
the S-A nodal rate or the ventricular focus. 


Case 3, A thirty-seven year old man was without 
symptoms or other cardiac findings. His routine 
electrocardiogram (Fig. 10) showed transient, inter- 
mittent A-V dissociation with the lower focus being 
of ventricular origin. The first complex of lead 
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is a ventricular complex not associated with any P 
wave; the second complex has an upright P wave 
immediately preceding the bizarre QRS complex; 
the third complex is normal in character with a 
normal P wave and P-R interval. This is recapture 
of the ventricles by the normal sinus pacemaker, a 
phenomenon commonly observed during ordinary 
A-V dissociation where the nodal focus is the lower 
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Case 4. Numerous examples of transitory A-V dissociation between 


the sinus node and an idioventricular pacemaker are seen. 


one, but only rarely seen with a ventricular focus 
acting as the faster, intermittently dominant, lower 
pacemaker. Special evaluation in this case demon- 
strated many intermediate types of fusion beats as 
well as runs of intermittent A-V dissociation with 
idioventricular rhythm. 


Case 4. The routine electrocardiogram of a forty- 
four year old pilot (Fig. 11) showed numerous fusion 
beats from the S-A node and aventricularfocus. This 
subject was not included in the statistics of the survey 
since his records were discovered by routine electro- 
cardiogram prior to the survey. The recumbent elec- 
trocardiogram showed a variety of parasystolic-like 
fusion beats occurring singly, and with continuous 
electrocardiographic recording episodes of nodal 
rhythm were noted. The nodal focus at times shifted 
to the right main bundle, creating complexes re- 
sembling left bundle branch block (Fig. 12). On 
some occasions the timing of the nodal beats gave the 
appearance of simple nodal premature beats, whereas 
at other times the long delay before their occurrence 
gave the appearance of sinus arrest with nodal 
escape. Occasional superimposition of a sinus P 
wave on the initial limb of the widened QRS com- 
plex gave an impression of the WPW type complex 
(Fig. 13). This, on closer examination, proved to be 


fusion beats from the sinus and ventricular foci and 
dissociation of these two foci, with the ventricular 
focus the faster. 


Comment: This is another example of physio- 
logic cardiac pacemakers in action. With slow- 
ing of the S-A node, the inherent rate of a lower 
focus is reached and it became manifest. Two 
pacemakers are operative: the upper controls 
the atria, the lower and faster runs the ventri- 
cles; that is, by definition, A-V dissociation. 
In this subject, the subatrial focus was some- 
times located in the A-V node and sometimes 
located in the right bundle branch, producing 
an idioventricular rhythm. 


PARASYSTOLE 


There were eighteen cases (0.03 per cent) 
in which several premature ventricular contrac- 
tions had similar configuration but bore an in- 
constant relationship to the preceding normal 
beat, thereby establishing the diagnosis of ven- 
tricular parasystole. Numerous examples of fu- 
sion beats from the sinus node and ventricular 
foci were noted in this group. (These eighteen 
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Fic. 12. Case 4. Continuous strip of lead 1. Note that the majority of QRS complexes 
are ventricular in origin and mimic left bundle branch block. Recapture of the ventricles 
by the S-A node is seen in the first and last complexes of the upper strip and the last com- 
plex of the lower strip. A fusion beat of the two foci is seen in the second complex of the 


lower strip. 


Fic. 13. Case 4. Continuous record of lead 11 showing several examples of transitory A-V 
dissociation between the S-A node and idioventricular rhythm with periods of ventricular 
capture by the S-A node intervening. Note the fusion beats in the fourth complex of the 
upper tracing and the third complex from the right in the middle tracing. 


cases are not included in the 419 cases described 
in the section on isolated ventricular premature 
contractions. ) 

The average age of this group was 30.5 years 
with a range of nineteen to forty-one. The 
incidence figure for ventricular parasystole is 
quite small (0.03 per cent). It is entirely pos- 
sible that many of the cases of ordinary prema- 
ture ventricular contractions might have been 
diagnosed as parasystole if a longer electro- 
cardiographic record had been obtained. A 
parasystolic focus which only occasionally 
breaks through its exit block and become mani- 
est may be missed by the mass survey method 
‘mployed in this study. The true incidence of 
entricular parasystole in the asymptomatic 
opulation is undoubtedly higher than indicated 
y our figures, but it is believed that the inci- 
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dence of relatively active parasystolic foci which 
become manifest at frequent intervals was ac- 
curately assessed. 

Two of the eighteen subjects showed repeti- 
tive, successive ventricular contractions of para- 
systolic origin, so that the inherent rate of the 
focus could be calculated. It was approxi- 
mately 150 in both of them. One demonstrated 
a narasystolic focus which appeared to arise 
from one of the bundle branches." A 
long strip (lead m) from the second subject is 
shown in Figure 14. Several examples of two 
successive parasystolic beats at a high rate are 
visible. These two subjects were not consid- 
ered good candidates to continue their flying 
career as it was thought that their parasystolic 
foci might at any time assume cardiac excitation 
and produce paroxysmal ventricular tachycar- 
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Fic. 14. Ventricular parasystole with numerous examples of two successive 


ectopic beats at a high rate. 


Fic. 15. A-short burst of ventricular tachycardia. Note the frequent ventricular 
premature contractions throughout the tracing which occur three times con- 
secutively in lead aVF. This fulfills the criteria for ventricular tachycardia. 
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dia with its attendant alterations of cardiovas- 
cular hemodynamics. This is particularly true 
during periods of sinus bradycardia or sinus 
arrest when a parasystolic focus may become 
free of the suppressive effect of the normal 
pacemaker. Stresses attendant to flying are 
known to induce cardio-inhibitory responses, 
thereby exaggerating the potential danger of an 
active parasystolic focus in an aviator. 


VENTRICULAR TACHYCARDIA 


The example of ventricular tachycardia was 
discovered in a subject who was otherwise 
asymptomatic and considered himself in good 
health. He was thirty-five years old. His 
routine electrocardioagram (Fig. 15) showed 
numerous examples of interpolated ventricular 
premature beats. However, there is one ex- 
ample of a short burst of ventricular tachycardia 
in lead aVF consisting of three consecutive 
ventricular complexes. Three consecutive ec- 
topic venticular beats premature in onset occur- 
ring at a relatively fast rate (approximately 136 
in this subject) meet the criteria for ventricular 
tachycardia.® The ectopic beats and the tachy- 
cardia are probably not parasystolic, as the iso- 
lated premature contractions are apparently 
fixed to the preceding normal complex and the 
short burst of tachycardia is not regular. No 
common denominator for the intervals between 
ventricular beats could be found. 


SUMMARY 


An electrocardiographic analysis of 67,375 
healthy, asymptomatic men has been con- 
ducted and the incidence of various types of 
ventricular rhythms determined. All known 
forms of ventricular rhythm were detected ex- 
cept ventricular flutter and ventricular fibril- 
lation. 

Four hundred nineteen cases of premature 
ventricular contractions were noted (0.6 per 
cent), of which twenty-two were interpolated 
and one multifocal. Bigeminy, trigeminy and 
quadrigeminy were each noted in a few sub- 
jects. 

There was a twofold increase in the rate of 
premature ventricular contractions per 1,000 
subjects in the forty to forty-four year age group 
as compared to the younger age groups, and a 
threefold increase above forty-five years of age. 

The average heart rate of subjects with nu- 
merous premature ventricular contractions was 
the same as that of subjects with rare premature 
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beats, indicating that heart rate is not a signifi- 
cant determinant of the frequency of ectopic 
ventricular beats. 

The ratio of premature ventricular contrac- 
tions originating in the right ventricle (QRS pat- 
tern of left bundle branch block) to those from 
the left ventricle (QRS pattern of right bundle 
branch block) was 3 to 1. There was a four- 
fold increase in the rate per 1,000 of the former 
from the youngest to the oldest age group, but no 
increase in rate of the latter with age. 

There were eighteen subjects with ventricular 
parasystole (0.03 per cent) and one with ven- 
tricular tachyeardia. 

Four subjects with idioventricular rhythm 
with A-V dissociation were presented. These 
demonstrate the passive assumption of control of 
cardiac excitation by a ventricular focus upon 
slowing or failure of the sinus node. This oc- 
curred in preference to either an atrial or nodal 
focus which in most subjects are active under 
such circumstances. 
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Electrocardiographic Findings in 67,375 


Asymptomatic Subjects 


IV. Wolff-Parkinson-White Syndrome* 
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LAWRENCE E. LAMB, M.D., F.A.C.C. 


San Antonio, Texas 


HE ELECTROCARDIOGRAPHIC entity of a 
Gent P-R interval and prolonged QRS 
duration has been known by different names. 
Originally called short P-R interval with bundle 
branch block! it has since been referred to as the 
Wolff-Parkinson-White syndrome, pre-excita- 
tion syndrome,? anomalous atrioventricular 
excitation’ and accelerated nodal conduction.‘ 
Because the term WPW syndrome has been used 
for many years and its meaning is generally 
known this term will be used here. 

Although numerous reports have been pub- 
lished on series of patients observed in hospitals 
and clinics, no large survey has been made of 
subjects with this entity found in an asymp- 
tomatic population. ‘This report is of 109 new 
cases of the WPW syndrome, 106 of which were 
found by an electrocardiographic survey of 
67,375 asymptomatic, healthy subjects. 

Excellent case reports and reviews elucidating 
the clinical, electrocardiographic and anatomic 
features and the theories of the pathogenesis 
of this interesting conduction anomaly have 
been published since the first description by 
Wilson in 1915.5—% 


MATERIAL AND METHODS 


In the analysis of 67,375 electrocardiograms re- 
corded either as a part of the physical evaluation for 
flying training or as a part of the annual physical 
examination of trained flying personnel, 106 cases 
of the WPW syndrome were discovered. In addi- 
tion, three cases are included which were discovered 
prior to the electrocardiographic survey. 

Sixty-seven of these subjects have been seen in 
consultation and a comprehensive cardiovascular 
evaluation carried out for each. Specialized elec- 


trocardiographic procedures utilizing a four-channel 
instrument included continuous tracings during 
rhythmic deep breathing, breath-holding, hyper- 
ventilation followed by breath-holding, carotid 
sinus massage, sitting, standing and following rapid 
intravenous injection of 1.2 mg. atropine sulfate. 
A double Master exercise test was performed in most 
instances. A quantitative vectorcardiographic analy- 
sis was also performed in each subject. The re- 
maining forty-two subjects who were not evaluated 
in this laboratory had all been subjected to a thorough 
examination at the facility at which their initial 
electrocardiograms were recorded. Direct com- 
munication with the physicians who examined these 
subjects was carried out in most instances. 


RESULTS 


INCIDENCE 


Only those subjects with an _ established 
rhythm of complexes with a short P-R interval 
and a prolonged QRS duration with a promi- 
nent delta wave were included. Records show- 
ing only a short P-R interval without aberration 
of the QRS complexes” were not included. 
The 106 cases of the WPW syndrome represented 
0.16 per cent of the 67,375 subjects surveyed 
or a rate of 1.6 per 1,000. 

Figure 1 shows the age distribution for the sub- 
jects with the WPW syndrome compared to the 
age distribution for the entire survey. The 
curves are nearly identical. Table 1 gives the 
rate per thousand for the WPW syndrome in the 
various age groups. No significant concentra- 
tion of these cases was found in either the 
younger or the older age groups. The inci- 
dence of the WPW syndrome has been re- 
ported in other series representing various 


* From the Department of Internal Medicine, School of Aviation Medicine, The Aerospace Medical Center, Brooks 
Air Force Base, San Antonio, Texas. 
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TABLE I 


Incidence of WPW Syndrome per Thousand Subjects 


by Five-Year Age Groups 


Age Rate per 
(yr.) Thousand 


Under 20 
20-24 
25-29 
30-34 
35-39 
40-44 

45 and over 


groups—some in hospitalized and some in non- 
hospitalized ‘The incidence 
of the WPW syndrome in the larger series is 
tabulated in Table mn. Between one and two 
cases per thousand were the figures most com- 
monly recorded. 

Such an even distribution among the various 
age groups is consistent with the concept that 
the WPW syndrome is, indeed, of congenital 
origin. Recent reports of the WPW syndrome 
in newborn infants and children’. ® 4—5,6 and in 
members of the same family?5!~53 point up the 
importance of congenital and familial factors 
in this condition. 

The sex incidence in the WPW syndrome is 
usually stated to be predominantly male. The 
exact incidence of the WPW syndrome in the 
asymptomatic female population has not been 
established. 


ASSOCIATED HEART DISEASE 


None of the 109 subjects examined showed 
any indication of organic heart disease. Sixty- 


40 
% 


30 


Fic. 1. The age distribution of subjects with WPW syn- 
drome is compared to the age distribution for the total 
population surveyed. 


seven were evaluated in this laboratory and are 
the basis for the following comments: 


Five had systolic murmurs which were considered 
insignificant. None had had diphtheria, rheumatic 
fever or myocarditis. Three had had scarlet fever, 
one of whom also had recurrent nose bleeds up to the 
age of twenty-two. There was no indication of 
rheumatic valvulitis in this subject. One patient 
had experienced one episode of vague pain in the 
chest which was not considered to be of cardiac 
origin. One subject had infectious mononucleosis 
at the age of sixteen. One subject had experienced 
early rheumatoid arthritis of the hands; one had a 
labile blood pressure and was classified as a vascular 
hyperreactor; one subject had diagnosis of pulmonary 
coccidioidomycosis made at the age of twenty-five, 
for which he was hospitalized for six weeks; another 
had had hepatitis; and one had passed a urinary 
calculus. Another had a history of recurrent in- 
fection of the upper respiratory tract of unknown 
etiology. No significant abnormalities were noted in 
the roentgenograms of the chest in any of these sub- 
jects. The total cholesterol (Bloor method) and 
phospholipid values (Fiske-Subbarow technic) are 


TABLE II 
Incidence of the WPW Syndrome in Previous Series 


Rate per 


Authors 


Type of Study 


Wolferth and Wood" (1933) 
Hunter, Papp and Parkinson” (1940) 


Kaplan and Cohn*® (1944) 
Graybiel et al.*! (1944) 

Littman and Tarnover*® (1946) 
Reed, Langley and Utz (1947) 
Manning® (1954) 

Hejtmancik and Herrmann* (1957) 


19,000 electrocardiograms from Cardiac Department of Lon- 
don Hospital 

14,000 electrocardiograms from consulting practice 

1,672 electrocardiograms from Army station hospital 

1,000 healthy naval aviators 

3600 electrocardiograms from hospitalized subjects 

6,900 electrocardiograms from a U. S. Naval Hospital 

5,000 healthy aircrew members 

55,000 electrocardiograms from University of Texas School of 
Medicine 
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TABLE III 


Serum Cholesterol and Phospholipid Levels in Subjects 
with the WPW Syndrome 


Mg. Per Cent Cholesterol Phospholipids 


Less than 200 
200-249 
250-299 
300 and over 


given in Table m. None of the subjects knew of any 
instances of the WPW syndrome in their immediate 
families. ‘There was no increased incidence of de- 
generative heart disease in their families. Five gave 
a definite history of some member of their immediate 
family having died of degenerative heart disease. 
Cne subject had a daughter with a ventricular septal 
defect. 


The singular absence of organic heart disease 
in this group of subjects was not unexpected 
since they represent a select group who had 
undergone rigid physical evaluations before 
entering the Air Force aviation program. 

Congenital Heart Disease: It is generally con- 
sidered that the appearance of significant or- 
ganic heart disease is usually coincidental in 
patients with the WPW syndrome. The asso- 
ciation of the WPW syndrome with congenital 
heart disease has been noted in several re- 
ports.*%,4455 With the probable exception of 
Ebstein’s anomaly, the association of other 
congenital heart defects with the WPW syn- 
drome may well be coincidental. 

Acquired Heart Disease: In considering the 
incidence of all types of heart disease in the 
WPW syndrome in the larger series that have 
been reported it must be remembered that most 
were hospitalized patients undergoing evalua- 
tion for various symptoms. Among fifty-two 
patients Wolff and White™ found ten (20 per 
cent) who had some disease of the heart other 
than the abnormal electrocardiogram or parox- 
ysmal tachycardia. Willius and Carryer®* found 
cardiac disease in 29.2 per cent of sixty-five 
patients. Among nineteen patients in this 
group, five had healed rheumatic valvular 
disease, four had coronary artery disease with 
angina pectoris, nine had hypertensive cardio- 
vascular disease and one had an adenomatous 
goiter with hyperthyroidism and congestive 
failure. Hejtmancik and Herrmann® found 
that thirty-two (40 per cent) of their eighty 
patients had some type of organic heart disease. 
They state, however, that most of these patients 


Fic. 2. A, alternating WPW conduction on a routine 
tracing. B, sinus tachycardia following exercise chang- 
ing to paroxysmal atrial tachycardia in leads m1, aVR 
and aVF. 


with heart disease were over forty years of age 
and that nineteen of them had coronary artery 
disease. Other than Ebstein’s abnormality, no 
direct correlation has been made between any 
type of organic heart disease and the syndrome 
under discussion. There is no_ conclusive 
evidence that the WPW syndrome ever de- 
velops as a result of acquired heart disease. 
The vast majority with this syndrome appear 
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to be asymptomatic and lead normal lives. 
Chance alone could account for those few 
patients who have been reported who have 
demonstrated the WPW syndrome in addition 
to such findings as rheumatic heart disease, 
arteriosclerotic heart disease or congenital heart 
disease. 

The most common type of heart disease in 
patients with the WPW syndrome is that of 
iatrogenically produced cardiac neurosis. Usu- 
ally this occurs when the electrocardiogram has 
been misinterpreted as perhaps showing left 
bundle branch block or evidence of coronary 
artery disease or when the significance of 
paroxysmal rapid heart action has not been 
thoroughly explained. 


PAROXYSMAL TACHYCARDIA 


One of the distinguishing characteristics of 
patients with the WPW syndrome is the high 
incidence of paroxysmal tachycardia. It was 
expected that its incidence in this group of 
subjects would be small, inasmuch as persons 
who have recurrent episodes or unexplained 
single episodes of paroxysmal tachycardia are 
usually not retained for flying duties. It was 
found that eight (12 per cent) of the sixty-seven 
subjects who were evaluated in this laboratory 
had a history consistent with paroxysmal rapid 
heart action. Three of these had electro- 
cardiographic documentation of at least one of 
the episodes of tachycardia; all were supra- 
ventricular in nature with normal QRS dura- 
tion. 


Of particular interest was a twenty-seven year old 
pilot with a history of two episodes of paroxysmal 
tachycardia, both of which caused only mild short- 
ness of breath and subsided spontaneously within an 
hour. A routine tracing taken prior to an exercise 
tolerance test showed intermittent anomalous atrio- 
ventricular excitation. Immediately after exercise 
the heart rate increased to 120 per minute and WPW 
conduction was persistent until interrupted by a 
normally conducted beat in lead m which precipitated 
the onset of a paroxysmal supraventricular tachy- 
cardia (Fig. 2 A and B). 


One subject had experienced only one epi- 
sode of tachycardia, apparently precipitated by 
in episode of coughing. This caused mild 
zeneralized weakness and was aborted only 
after intravenous administration of lanatoside 
C. Two subjects had experienced multiple 
spisodes, one from early childhood and the 
ther beginning at the age of twenty years. 
Both had only a sensation of palpitation during 
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the short episodes. One subject had experi- 
enced five to six episodes associated with a 
sensation of palpitation with the onset at age 
thirty-three. One had two brief suggestive 
episodes, both associated with only slight short- 
ness of breath and awareness of a fast heart rate. 
Two subjects, aged twenty-seven and _ thirty- 
five, had experienced several episodes of tachy- 
cardia manifested by palpitation and breath- 
lessness. This resulted in near syncope in one 
and in two episodes of unconsciousness in the 
other. Of these eight subjects, five had ex- 
perienced the onset of tachycardial episodes 
prior to the age of thirty and four after the age 
of thirty. 

The incidence of paroxysmal tachycardia in 
the WPW syndrome has been found by others 
to range from 40 to 80 per cent.,22,43,54,56 
The true incidence of paroxysmal tachycardia is 
difficult to determine. These high percentages 
were reported, for the most part, from series in 
which the patients had sought medical care 
because of symptoms. The low incidence in the 
present study also does not represent the true 
incidence of paroxysmal tachycardia in the 
WPW syndrome since people entering flying 
training are carefully screened for a history of 
paroxysmal tachycardia and those who have 
had significant symptoms would either not have 
applied for pilot training or would have been 
rejected. This would certainly alter the inci- 
dence since it appears that for the majority of 
patients with the WPW syndrome paroxysmal 
tachycardia, if it develops, will appear before 
the age of thirty. For example, 126 cases from 
the literature were reviewed in which the diag- 
nosis of paroxysmal tachycardia had been made 
and the age of onset given. In 76 per cent of 
these subjects, time of the onset of paroxysmal 
tachycardia was below the age of thirty, whereas 
only 24 per cent of them had onset at age thirty 
or above. The deleterious effects of paroxysmal 
tachycardia is greater in infants®* and in older 
people. 

It became apparent after a number of cases of 
paroxysmal tachycardia in the WPW syndrome 
had been reported that the QRS complexes 
were not always of normal configuration during 
the episode of tachycardia.® 24, 4948,54,56—60 “This 
is particularly true in those whose paroxysmal 
tachycardia is due to either atrial fibrillation or 
atrial flutter, rather than paroxysmal atrial 
tachycardia. In many instances this had 
earlier been misinterpreted as being an irregular 
ventricular tachycardia rather than atrial flutter 
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Fic. 3. A, minimal evidence of pre-excitation in lead 1 
and the V leads with relatively normal S-T segment and 
T waves. B, markedly aberrant ventricular excitation 
with secondary S-T segment and T wave changes. 


or fibrillation with QRS aberration.%.® In 
some cases it may be quite difficult to distinguish 
between the two arrhythmias. The necessity 
for distinguishing true ventricular tachycardia 
from supraventricular tachycardia with aberrant 
conduction is important from standpoints of 
prognosis and treatment. 


ELECTROCARDIOGRAPHIC CHARACTERISTICS 


The electrocardiographic diagnosis of the 
WPW syndrome is not difficult. For the most 
part, the electrocardiograms of patients with 
this syndrome have characteristic features. The 
usually described characteristic of the electro- 
cardiogram is the short P-R interval followed by 
a prolonged QRS complex in which the early 
portion is slurred. ‘The initial slurring of the 
QRS complex, designated as the delta wave, 
is of low amplitude and of varying duration. 
The electrical forces creating the delta wave 
may be represented vectorially as a spatial force. 
The delta wave in some tracings may be repre- 
sented by a small deflection which in some leads 
may return to the baseline prior to the recording 
of the rest of the QRS complex. This has been 
designated the X wave by Ohnell.? Wolferth 
and Wood" stress that the P-J interval decreases 
in duration and that the slurring always in- 


volves the initial portion of the QRS complex. 
However, the P-J interval may be prolonged in 
WPW conduction in those rare cases with 
delay in conduction across the A-V junction. 
This can be identified when prolongation of the 
P-R interval is apparent in the presence of inter- 
mittent normal ventricular excitation. 

Refinements of the aforementioned charac- 
teristics have been developed over the years. 
It is now apparent that the QRS duration does 
not necessarily have to be abnormally pro- 
longed and may be below 0.12 second. How- 
ever, in order for the diagnosis to be made, the 
QRS complex must still show the initial slurring 
which makes it abnormal in configuration, 
although not necessarily abnormal in duration. 
The duration and configuration of the QRS 
complex would seem to be determined by the 
extent of anomalous excitation. In some in- 
stances the QRS configuration is abnormal only 
in that small delta waves are present in the 
initial portion; in others the QRS duration is 
noticeably prolonged and the QRS configuration 
is markedly abnormal. In the former it ap- 
pears that only a small portion of the heart is 
excited in an anomalous fashion and that aside 
from the initial slurring the remainder of the 
QRS complex is produced by, normal intra- 
ventricular conduction while in the latter, 
intraventricular conduction is entirely abnormal, 
perhaps representing almost complete anoma- 
lous excitation. Figure 3A shows an elec- 
trocardiogram from.a person in whom the 
WPW syndrome is present and is characterized 
by a short P-R interval with an essentially nor- 
mal QRS complex except for the initial early 
slurring. There are no significant S-T seg- 
ment or T wave changes. The routine elec- 
trocardiogram from another subject (Fig. 3B) 
demonstrates the marked change in intraven- 
tricular conduction with secondary S-T segment 
and T wave changes which may be seen in the 
WPW syndrome. 

P-R and QRS Intervals: Sixty-six subjects 
had simultaneously recorded leads while show- 
ing anomalous excitation. The determination 
of the P-R intervals and QRS durations without 
simultaneous leads is often inaccurate, as pointed 
out by White. Table tv gives the results 
obtained for the P-R interval, QRS duration and 
P-J interval in these sixty-six subjects. Forty- 
three (65 per cent) had a P-R interval of 0.10 
second or greater. The QRS duration was 
0.10 second or greater in all these subjects 
and 0.12 second or greater in the majority. 
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TABLE IV 


Electrocardiographic Values Using Simultaneous Leads 
in Sixty-Six Subjects with WPW Conduction 


TABLE V 


Mean QRS and Delta Axes in Frontal Plane of 109 
Subjects with WPW Conduction 


QRS P-J Axis QRS Delta 
Interval Duration Interval (degrees) (no.) (no.) 

0.07 2 — 60 1 2 

0.08 5 — 45 6 3 

0.09 16 — 30 5 16 

0.10 25 6 — 15 10 8 

0.11 8 4 0 15 15 

0.12 10 27 + 15 9 

0.13 | 15 + 30 6 11 

0.14 11 + 45 9 9 

0.15 1 + 60 21 14 

0.16 1 + 75 13 4 

0.17 1 + 90 9 7 

0.18 +105 3 5 

0.19 1 +120 1 10 

0.20 8 

0.21 14 

0.22 14 

0.23 5 direction of the initial delta forces determines to 

a great extent the pathway for subsequent 

0 26 1 ventricular excitation and thus the spatial 

0.27 orientation of the mean QRS vector. 

0.28 1 In the transverse plane initial forces are 


The P-J interval was greater than 0.24 second 
in only five instances. When simultaneous 
leads were used, only seven of these subjects 
had a P-R interval of 0.08 second or less. The 
length of the P-R interval depends on its dura- 
tion when normal conduction is present and the 
amount of pre-excitation when the WPW syn- 
drome is present. Thus, no fixed limit for 
the P-R interval applies to all. As an example, 
one patient in this series had a normal P-R 
interval of 0.20 second and a QRS duration of 
0.12 second, while in another variant of WPW 
conduction, the P-R interval was 0.11 second 
and the QRS duration was 0.17 second.” An 


intermittent normal record is necessary to 
demonstrate this point. 
QRS Axis: The mean QRS axis in the 


‘rontal plane was determined in 108 subjects 
Table v). There is obviously a wide varia- 
ion. The orientation of the delta wave axis 
n the frontal plane was also determined (Table 
‘). The range is also wide and not too dis- 
imilar from that of the QRS axis, although 
were more subjects with a vertically 
riented vector. Only 22 per cent had more 
nan a 30 degree difference between the axis 
x the delta wave and the QRS axis in the 
ontal plane. This may mean that the spatial 
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usually directed anteriorly and are of sufficient 
amplitude to alter the usual R/S ratios in the 
precordial leads. Of the 109 subjects, 107 
had an upright or isoelectric delta wave in lead 
V2. Of these 107, eighty-seven (81 per cent) 
had an R wave equal to and usually greater 
than the S wave in lead V2. This abnormality 
of the R/S ratio in the precordial leads is a 
distinctive characteristic of the majority of 
tracings demonstrating the WPW syndrome. 
Only two subjects were found to have an in- 
verted delta wave in leads V; and V2, represent- 
ing a posteriorly directed initial force. In both 
instances, prominent QS deflections were present 
in leads V; and V2. 

Classification of WPW Syndrome: An elec- 
trocardiographic classification of the WPW 
syndrome has been proposed by several in- 
vestigators, based on the direction of the delta 
wave and QRS complexes in various leads.*.*1.% 
Rather than making an empirical classification 
based on minute changes in configuration or 
vector analysis in only the frontal or transverse 
plane, it would seem preferable to describe 
the electrical events vectorially in each case. 
In this way a complete description of the electro- 
cardiogram can be obtained in a succinct man- 
ner without resorting to artificial classifications. 
All that is necessary is to describe the mean axis 
of the delta wave in the frontal plane and its 
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Fic. 4. A, the question of pre-excitation in the limb 
leads is clarified by using the V leads, in which the delta 
wave is more distinct. B, an electrocardiogram with a 
short P-R interval and normal QRS. C, a repeat elec- 
trocardiogram in the same subject demonstrates pre- 
excitation. 


transition zone in the precordial leads in addi- 
tion to the vector analysis of the remaining QRS 
complex. 

In most examples of the WPW syndrome a 
prominent delta wave will be present in many 
leads associated with a short P-R_ interval. 
Occasionally the delta wave in the standard 
limb leads will be small, creating a distinct 
deflection which returns almost to the baseline. 
Some confusion may arise in differentiating this 
from a notched P wave. The appearance of 
the precordial leads, however, readily makes 
this differentiation (Fig. 4A). 

Short P-R Interval and Normal QRS Complex: 
Confusion exists as to whether or not those 
electrocardiograms with a very short P-R 
interval and a normal QRS complex represent 
some variation of the WPW syndrome. The 
answer is not definitely known, although 
Lown, Ganong and Levine*®” believe the syn- 
drome of a short P-R interval and a normal QRS 
complex is distinctly separate from that under 
discussion. However, they have made the 
interesting observation that these subjects also 
tend to be more susceptible to paroxysmal rapid 
heart action than those who have a normal P-R 
interval. This series has not included subjects 
in whom the QRS complex was completely 


P-R interval is present in all com- 
plexes. True WPW complexes are seen in parts of leads 
11, 1 and aVF and elsewhere in the record. 


normal, although it does appear that some may 
well represent examples of a variation in the 
WPW syndrome. 


An example of this problem is seen in Figure 4B, 
which shows a short P-R interval without a definite 
isoelectric period between the end of the P wave and 
the onset of the QRS complex, but no distinct delta 
wave. A repeat electrocardiogram taken eight 
months later (Fig. 4C) demonstrates shortening of the 
P-R interval and a delta wave most distinct in the 
precordial leads. The electrocardiogram from an- 
other subject with intermittent WPW demonstrates 
the problem (Fig. 5). During the period of normal 
conduction the P-R interval is short without an iso- 
electric interval between the P wave and the onset 
of the QRS complex. The electrocardiogram of a 
third subject (Fig. 6) shows a short P-R interval with 
anormal QRS complex. This subject was thoroughly 
studied and numerous tracings recorded. No de- 
finite diagnostic initial slurring of the QRS complex 
was ever noted. Such electrocardiograms are not 
infrequently seen and present some difficulty since 
some leads appear to have small delta waves which 
are not distinctive enough to permit a definite diag- 
nosis. 


Spatial Orientation of QRS Axis: The spatial 
orientation of the delta wave and the spatial 
orientation of the QRS axis have a wide range. 


The electrocardiogram from a subject with a delta 
wave axis of +120 degrees in the frontal plane is 
seen in Figure 7A. The striking Q wave in leads 
1 and aVL is produced -by the electrical forces 
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Fic. 6. An example of the short P-R interval without 


evidence of pre-excitation. 


responsible for the delta wave seen in the precordial 
leads. This is associated with the large R waves in 
leads V; and V2, one of the most common elec- 
trocardiographic findings in the WPW syndrome. 
An electrocardiogram from another subject demon- 
strates a delta wave axis in the frontal plane of 
—60 degrees (Fig. 7B). This creates a large QS 
deflection in lead m. Such large Q waves may be 
mistaken for evidence of myocardial infarction of the 
inferior wall when the WPW syndrome is not recog- 
nized. A large R wave in lead V2 is again apparent. 


ELECTROCARDIOGRAPHIC VARIATIONS 


Intermittent WPW_ Conduction: One feature 
of the WPW syndrome is its intermittent nature 
in many subjects. The electrocardiogram may 
show abnormal complexes on one record and 
normal complexes on the next. Some subjects 
change from one to the other easily. Others 
change only after many maneuvers have been 
attempted. On some occasions normal QRS 
complexes and WPW complexes may alternate. 
Even though a previous normal electrocardio- 
gram may have been recorded, a subject may 
resist conversion when evaluated during aberrant 
conduction despite all attempts to return ventric- 
ular excitation to normal. Others may show 
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A B 
Fic. 7. A, the pre-excitation vector results in Q waves 
in leads 1 and aVL. B, the pre-excitation vector results 
in Q waves in leads 11 and aVF. 


clear-cut electrocardiographic evidence of a 
WPW syndrome and then fail to show these 
changes over a long period of time despite 
numerous electrocardiographic tracings. Of 
the sixty-seven subjects who were evaluated 
thoroughly, thirty (44 per cent) showed normal 
QRS complexes at one time, either spontane- 
ously or induced by various maneuvers. Elec- 
trocardiographic values before and after normal- 
ization are given in Table vi. At times it is 
difficult to determine whether complete or 
only partial normalization has occurred. The 
latter has been referred to as pseudonormaliza- 
tion and described as the concertina effect by 
Ohnell.?, Changes in the configuration of the 
WPW complex are very common with maneu- 
vers which increase or decrease vagal tone. 
Only those records in which it was considered 
that delta waves were no longer present in any 
of the leads are included as being normal. 
Effect of Atropine: Administration of atropine 
has been commonly used to produce normal 
conduction in cases of the WPW syndrome. 


4 + ate eee at 
pote 
; 


Electrocardiographic Values in Subjects During Normal and WPW Conduction 
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TABLE VI 


During WPW Conduction 


During Normal Conduction 


P-R 
Interval 


QRS 


Interval 


P-J 
Interval 


QRS 
Axis 


P-R 
Interval 


QRS 


Interval 


P-J 
Interval 


QRS 
Axis 


+15 
+60 
+90 
— 30 
—15 
+45 
+15 
+45 
— 30 
— 30 


+90 
Undetermined 
+ 75 

+120 

+ 75 
Undetermined 
Undetermined 


uw 


++++++++4++ +4+4+4+44 


— 


.08 
.09 
.08 
.08 
.08 
.09 
.09 
.08 
.08 
.08 
.09 
.08 


ooo, 


oo. 


+60 
+90 
+90 
+90 
+90 
+75 
+30 
+30 
+75 
+60 
+75 
+75 
—15 


+60 
+60 
+75 


+75 
+75 
+60 
+60 
+75 
+45 


+60 
+75 
+60 
+60 
+45 
~45 


+75 
+75 
+45 
+60 
+45 
+45 


* Two WPW variations. 
With paroxysmal atria] tachycardia. 


The effects of atropine have been reviewed by 
numerous authors. 2,3,5, 9, 10,21, 22, 39, 54, 57,65 —68,70 Nor- 
mal conduction will not develop in all subjects 
after administration of atropine. ‘The prevail- 
ing theory is that although vagal influences 
are not strictly responsible for the WPW 
syndrome they do, however, have some control 
over the amount of muscle excited anomalously. 
It has been stated that with increased vagal tone 
more impulses are carried over the accessory 
pathways and fewer impulses over the normal 
conduction system, while with decreased vagal 
tone more impulses are carried over the normal 
conducting system and fewer over the accessory 
pathways. The influence of vagal tone con- 
trolling the extent of impulses passing over the 
accessory pathway is responsible for the “‘con- 
certina”’ effect. 


In the present study fifty-six subjects with 
WPW conduction were given atropine sulfate 
(1.2 mg.) by rapid intravenous injection. Con- 
tinuous electrocardiograms were obtained from 
the moment of injection until two minutes 
following the injection and then every minute 
for the next ten minutes. What appeared to 
be completely normal QRS complexes developed 
in eighteen subjects (30 per cent). This is 
a higher percentage than is usually reported 
and may well represent the advantage of giving 
atropine intravenously rather than subcutane- 
ously or orally. 

Of interest is the manner in which the norma! 
QRS complexes were produced in the majority 
of these subjects. Normal QRS complexes 
were seen mainly when A-V dissociation with 
interference occurred. This was noted in thir 
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37 | 0.10 0.14 0.24 | +90 | 75 
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104 | 0.08 0.13 0.21 +60 60 | £8.16 .08 24 
19* | 0.11 0.17 0.28 +30 45 | 0.20 | #.10 30 
0.12 0.27 0 +105 
63 | 0.10 0.12 0.22 +60 + 60 IL: .08 | 
6 | 0.10 0.12 0.22 +60 + 60 | £16 | 9.07 23 
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Fic. 8. Normalization of WPW conduction and A-V dissociation after administration of 
atropine. 


Fic. 9. Conversion of the WPW syndrome and retrograde capture of the atria following 
administration of atropine. 


Fic. 10. | Normalization with A-V dissociation following administration of atro- 
pine. 
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Fic. 11. Pseudonormalization of WPW conduction (A) before administration of atropine, 
(B) twenty seconds after administration of atropine and (C) one minute after administra- 


tion of atropine. 


teen of the eighteen subjects whose electrocardio- 
grams became normal following administration 
of atropine. In this type of A-V dissociation 
the atria continue to be excited by the S-A 
node, but the ventricles are under control of the 
A-V node. In all instances in which A-V disso- 
ciation occurred after administration of atropine, 
QRS complexes of normal duration were seen. 
The phenomenon of A-V dissociation as an 
early manifestation of atropine activity has 
recently been reviewed.” When this occurs 
in patients with the WPW syndrome the QRS 
complexes are invariably of normal duration, 
and we are not aware of any instance in which 
A-V nodal excitation of the ventricles occurring 
after administration of atropine has failed to 
produce normal-appearing QRS _ complexes 
except when other coincidental conduction dis- 
turbances were present. Only two instances 
were seen in which administration of atropine 
without other associated maneuvers produced 
what appeared to be complete normalization 
without A-V dissociation. Three instances were 
seen in which normal complexes appeared 
after administration of atropine but in these, 
other maneuvers such as breath-holding and 
standing, were also necessary to produce nor- 
malization. It appears that atropine is most 
effective in producing normal-appearing QRS 
complexes when administered intravenously 


with continuous electrocardiographic recordings 
during the first two minutes after the injection. 
In this manner the short period of A-V dissocia- 
tion is most likely to be found. 


In Figure 8, leads V2, 1, 1 and mi were recorded 
simultaneously shortly after intravenous administra- 
tion of atropine sulfate. A prominent delta wave is 
seen in the first complexes of leads 1 and V2. In 
leads 1 and mi the delta wave is represented by the 
so-called X wave. A-V dissociation then occurs with 
the P wave gradually moving into the QRS complex 
and a definite change in ventricular conduction oc- 
curs with normalization of the QRS complexes. 
Toward the end of the strip the P waves move out of 
the QRS complex. T wave changes occur in leads 
m and mi following A-V dissociation. After normal- 
ization T wave changes are a frequent occurrence 
in the WPW syndrome, both after the administra- 
tion of drugs and following spontaneous normaliza- 
tion. 

Figure 9 shows simultaneous leads recorded in 
another subject. When A-V dissociation occurred, 
a change in the QRS configuration appeared in the 
fourth QRS complex. The atria appeared to be 
stimulated by the S-A node during the fourth, fifth 
and sixth cycles, then atrial capture by the A-V 
node occurred, causing prominent inverted P waves 
following the QRS complex in the last five beats. 
The QRS complexes, however, were of normal 
duration. Here, again, as the A-V node assumed 
control of the ventricles, anomalous ventricular ex- 
citation seemed to disappear with definite normaliza- 
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Fic. 12. Effects of breath-holding. A, conversion of WPW conduction to nor- 
mal at the height of inspiration. The leads are recorded simultaneously. B, 
intermittent WPW conduction induced by breath-holding. The third, fifth 
and seventh beats appear normal. Increased abnormality of T waves associated 
with this change is noted. 


Fic. 13. At the height of inspiration, breath-holding decreases the cardiac rate and a strik- 
ing change in QRS configuration occurs. 
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Fic. 14. Effect of breath-holding and deep expiration. A, WPW conduction 
in the resting record. B, during breath-holding a change in the QRS complex 
is noted. C, on exhaling further QRS changes occur. 


Fic. 15. Effect of hyperventilation and breath-holding. In the first strip of a 
continuous lead 11 tracing WPW conduction is present with a short P-R interval 
and a definite delta wave. Hyperventilation to the point of symptoms was per- 
formed and the patient was instructed to take a deep breath and hold it. A-V 
dissociation occurs in the second strip during which time no delta wave is appar- 
ent and a definite small Q wave is seen preceding the remainder of the QRS 
complex. The atria recapture the ventricles in the fourth strip and WPW com- 


plexes are again apparent. 


tion. Although A-V dissociation following adminis- 
tration of atropine is not uncommon, the develop- 
ment of a true A-V nodal rhythm with retrograde 
activation of the atria is not frequent. In a review 
of the literature in which atropine was used in cases 
of the WPW syndrome, only two other such cases 
were 

Another example of A-V dissociation with the pro- 
duction of normal appearing QRS complexes is 
seen in Figure 10. A prominent delta wave is seen 
in lead 1 and is less apparent in leads 1 and m. After 
atropine was given the subject took a deep breath and 
A-V dissociation occurred with upright P waves 
following the QRS complexes, denoting control of 
the atria by the S-A node. The QRS complexes 
assumed a normal configuration until atrial recapture 
of the A-V node occurred. 


Normalization after administration of atro- 
pine without the presence of A-V dissociation 
was thought to develop in five subjects. In 
three it was associated with other maneuvers 
such as breath-holding, standing and hyperventi- 
lation, and in two it resulted from administration 
of atropine alone. 

Many degrees of normalization may occur 
after administration of atropine and after other 
procedures. It is often difficult to tell whether 
or not complete normalization has occurred, 
particularly if only one lead is being recorded. 
What appears to be complete normalization 
in one lead will prove to be only partial normali- 
zation or pseudonormalization when simultane- 
ous leads are recorded. 
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Fic. 16. Exercise test in a subject who demonstrated 
beth a change in the type of WPW conduction and 
normal complexes during the test. The baseline tracing 
shows an obvious WPW syndrome. Immediately fol- 
lowing exercise a change in the type of anomalous excita- 
tion occurred. At two minutes normal conduction was 
present and at five minutes the electrocardiogram had 
returned to its baseline appearance. 


An example of pseudonormalization is seen in 
Figure 11A. Twenty seconds after injection of atro- 
pine, the QRS complex is less abnormal (Fig. 11B) 
and at one minute (Fig. 11C) a marked change oc- 
curred compared to the baseline tracing, particularly 
in leads nm and mt. However, a small but definite 
delta wave is still apparent in lead 1 and an abnormal 
R/S ratio still exists in lead V2. This is an example 
of pseudonormalization which might have been 
classified as complete normalization without simul- 
taneously recording leads. 


Effect of Respiratory Maneuvers: Various respir- 
atory maneuvers were carried out in these sub- 
jects to determine the effect of vagal stimulation 
on the WPW syndrome. Vagotonic influences 
on the heart created by pulmonary stretch 
reflexes have been previously demonstrated.73—%5 
These subjects were subjected to periods of 
breath-holding, hyperventilation, hyperventila- 
tion followed by breath-holding, inhalation 
of 100 per cent oxygen and pressure breathing. 
Subjects demonstrating normalization with these 
procedures represented a much smaller number 
than with injection of atropine, but several 
interesting observations were made. In some 
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subjects the onset of each deep inspiration 
converted the WPW complexes to normal and 
this change could be produced at will (Fig. 12, 
A and B). In some the onset of breath-holding 
was followed by only one or two normally con- 
ducted beats or by intermittent normally con- 
ducted beats, but with a change back to WPW 
conduction prior to expiration. 

The manner of ventricular excitation in sub- 
jects with the WPW syndrome is quite variable. 
Minor to marked changes may be produced in 
the configuration of the QRS complexes with 
such benign maneuvers as increased respira- 
tory excursion, standing and slight exercise. 
Spontaneous changes in configuration of the 
QRS complexes may be marked. Variability 
in ventricular excitation is well known and 
recently a case was documented in which ten 
distinct, different patterns of ventricular excita- 
tion were described in one person.”@ None of 
the subjects who were evaluated could be stated 
to have a completely stable electrocardiogram 
when attention was given both to the configura- 
tion and duration of the delta waves and the 
remaining QRS complexes. Striking T wave 
changes were also noted in the majority. 


The instability of ventricular conduction was well 
demonstrated in some subjects by simple breathing 
maneuvers (Figs. 13 and 14, A, B and C). Striking 
changes in ventricular conduction is the rule rather 
than the exception in the WPW syndrome. A-V dis- 
sociation with interference developed in three subjects 
during a period of breath-holding immediately after 
hyperventilation. During A-V dissociation, when 
the A-V node was the pacemaker for the ventricles, 
the QRS complexes appeared normal (Fig. 15). 
In these subjects A-V dissociation also developed 
in the immediate period following intravenous ad- 
ministration of atropine. 


Vagal influences are important to the inter- 
mittent nature of the WPW syndrome, but there 
is no consistency in the effects of increased or 
decreased vagal tone in all subjects. Some wiil 
convert from anomalous to normal conduction 
with increased vagal tone, as during breath- 
holding. Others will convert from normal to 
the WPW syndrome with the same maneuver. 
Similar findings were noted with hyperven- 
tilation, hyperventilation followed by breath- 
holding and with exercise both before and 
following the administration of atropine. The 
effect of decreased or increased vagal tone de- 
pends on its relative influence on the A-V junc- 
tion and the accessory pathways. 

Digitalis and quinidine were not used during this 
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Fic. 17. Effects of exercise tests. A, before and after exercise. After exercise the 
heart rate approached 150 per minute and definite WPW conduction was pres- 
ent with prominent delta waves. B, one minute following exercise intermittent 
WPW is present. As the heart rate continues to slow, normal conduction be- 


comes predominant. 


investigation, but they have been used experi- 
mentally by a number of workers.?*?4,39,71,77—81 
It is assumed that digitalis has more of a depres- 
sant effect on the normal conduction pathways 
than on the accessory pathways, allowing more 
impulses to pass over the accessory pathways, 
thus increasing anomalous excitation. Quini- 
dine is considered to have a greater affinity for 
the anomalous pathways; therefore, decreasing 
the number of impulses passing over them causes 
less anomalous excitation and, in many instances, 
normalization. 


EXERCISE TEST 

A double Master exercise test was performed 
in sixty subjects. The variability of ventricular 
conduction in the WPW syndrome accounts 


for many false positive exercise tests (Fig. 16). 
This occurred in sixteen subjects (27 per cent). 
Marked changes in the S-T segment and T 
waves occurred. This has sometimes been a 
point of confusion in the evaluation of patients 
suspected of having coronary artery disease 
in whom the WPW syndrome was not recog- 
nized. Actually, the exercise test is not valid 
in the face of a baseline abnormal electro- 
cardiogram. 

Since exercise has been considered to decrease 
vagal tone, increasing the likelihood of normal 
conduction, it has been used in some cases for 
this purpose. Normal conduction following 
exercise developed in only two subjects in this 
series. Of equal interest was a subject in whom 
the WPW syndrome was present on some days 
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Fic. 18. The same sybject as in Figure 17, with exercise 
seven minutes after administration of atropine. Lead 
in the upper strip shows that normal conduction is 
present; after exercise the WPW conduction appears in 
an intermittent fashion. This was in spite of markedly 
reduced vagal tone following administration of atropine 
which has been thought to decrease the likelihood of the 
anomalous conduction. 


and not on others, and in whom abnormal com- 
plexes repeatedly developed after exercise 
(Figs. 17A and B, and 18). 


VECTORCARDIOGRAPHIC ANALYSIS 


Vectorcardiographic analysis using an elec- 
trically balanced lead system*** was _per- 
formed in sixty-seven subjects. The electrical 
forces responsible for the initial slurring of the 
QRS complexes in these subjects could, for 
the most part, be distinctly separated from the 
remaining portion of the QRS loop. These 
were responsible for the delta wave and were 
of fairly low amplitude. They were of sig- 
nificant duration and their spatial orientation 
could be readily determined by inspection of the 
frontal, transverse and sagittal loops. 


Figure 19 shows the frontal, transverse and sagittal 
oops and the electrocardiogram from a subject in 
whom the electrical forces responsible for the delta 
Wave were directed downward, to the right and 
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Fic. 19. Vectorcardiogram demonstrating vertical 


QRS loop orientation. The vectorcardiographic projec- 
tions from left to right are frontal, sagittal, transverse, 
enlarged center of frontal and sagittal planes. 


anteriorly, with the spatial orientation of the re- 
maining portion of the QRS loop similarly directed. 
The close approximation of the time markings demon- 
strates the relatively long duration of the delta wave 
and the relatively low amplitude of the electrical 
forces producing it. Occasional subjects show close 
grouping of the time markers throughout the QRS 
loop similar to that of left bundle branch block. 
Such examples probably represent ventricular ex- 
citation almost exclusively by the aberrant pathway 
(Fig. 20). 

Figure 21 shows the vectorcardiogram in a sub- 
ject with the electrical forces responsible for the delta 
wave directed upward and to the left. Those who 
showed marked changes in the type of WPW con- 
duction from time to time have vectorcardiograms 
which present graphic representation of this. In 
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syndrome and extensive anomalous conduction resem- 
bling left bundle branch block. The vectorcardiograms 
from left to right are frontal, sagittal and transverse 
planes. 


Figure 22 are seen the vectorcardiograms of a sub- 
ject in whom more than one type of anomalous ven- 
tricular excitation was present. Both vectorcardio- 
grams show definite evidence of the WPW syndrome, 
but are quite different from one another in con- 
figuration and orientation. 


Vectorcardiographic analysis in patients with 
WPW syndrome is a very useful method for 


Fic. 21. Vectorcardiogram of a subject with WPW syn- 
drome demonstrating a QRS loop directed headward 
(frontal plane, left; sagittal plane, right). 


determining both the spatial orientation and 
duration of the electrical forces responsible for 
the early deformity seen in the QRS complexes of 
the standard twelve-lead electrocardiogram. 


ASSOCIATED ELECTROCARDIOGRAPHIC FINDINGS 


In these subjects, as in others without the 
WPW syndrome, other types of electrocardio- 
graphic changes are apt to develop which may 
or may not be due to organic heart disease. 
A few such illustrative cases have been reported 
in the literature, such as associated first degree 
A-V block, left bundle branch block and right 
bundle branch block.7?.8?,86 

In this series, the following electrocardio- 
graphic findings were noted: One_ subject 
showed very frequent nodal premature contrac- 
tions. Three showed atrial premature beats. The 
QRS complexes associated with the latter 


Fic. 22. Frontal plane vectorcardiogram of a subject with WPW syndrome and 
multiple variations in aberrant ventricular conduction. Two variations are shown. 
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Fic. 23. 

during atrial rhythm in this subject. 
showed no change in one; the other two showed 
moderate changes in the appearance of the 
delta wave and remaining QRS complex. 
Six subjects showed the spontaneous or ex- 
perimental production of intermittent airial 
rhythm. No striking changes were noted in the 
configurations of the QRS complexes during the 
period of the atrial rhythm except for one sub- 
ject in whom striking changes were noted, 
particularly in the precordial leads (Fig. 23). 
The electrocardiogram of another subject with 
intermittent atrial rhythm showed little change 
in the associated QRS complexes (Fig. 24). 
One subject showed sinus arrest with nodal 
escape. The QRS complex was normal in the 
nodal escape beat. 


The interesting combination of the WPW syndrome 
and parasystole from a ventricular focus was found in 
oie subject. This combination had previously been 
reported.*,87 This twenty-seven year old asympto- 
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The V leads demonstrate marked changes in ventricular excitation 
See text. 


matic pilot had no evidence of organic cardiovas- 
cular disease. His routine electrocardiogram was 
diagnostic (Fig. 25A and B). While under ob- 
servation premature ventricular contractions de- 


4 


Fic. 24. Intermittent atrial rhythm in this subject 
caused no significant difference in the QRS complexes, 


& 
Me Be 


Averill, Fosmoe and Lamb 


A 


Fic, 25. Ventricular premature beats. A, routine electrocardiogram of a sub- 
ject with WPW syndrome. B, leads 1, V4, Vs; and V¢ recorded simultaneously 
demonstrate the WPW syndrome and ventricular premature beats. 


Fic. 26. Ventricular premature beats during the time ventricular conduction is normal. 
This record is from the same subject as in Figure 25. 


Fic. 27. Variation in degree of ventricular fusion seen in this figure is typical of para- 
systole. This is the same subject as in Figures 25 and 26. 


veloped with varying relationship to the preceding mature beats, although they still show anomalous 
beats and obvious fusion beats. It is of interest atrioventricular excitation. When in normal con- 
that the complexes following the premature beats duction, the complexes following the premature 
differ in configuration from those preceding the pre- beats were not different from those preceding them. 


THE AMERICAN JOURNAL OF CARDIOLOGY 


B 


Electrocardiographic Survey: Wolff-Parkinson-White Syndrome 


(Fig. 26). This points out the relative instability of 
ventricular conduction when the WPW syndrome is 
present and the relative stability of ventricular ex- 
citation when conduction is normal. Typical fusion 
beats from a parasystolic ventricular focus were also 
observed (Fig. 27). Simultaneous leads were re- 
corded on the same subject following administration 
of atropine when the WPW syndrome was not ap- 
parent. Variation in the time of the premature 
beat to the preceding normal beat and variations in 
their configuration point to a parasystolic ectopic 
ventricular focus. 


SUMMARY 


One hundred nine new cases of the WPW 
syndrome are presented. One hundred six 
were discovered as the result of an electrocardio- 
graphic survey of 67,375 asymptomatic healthy 
adult men producing an occurrence rate of 
1.6 per thousand. 

There was an equal distribution among the 
various age groups; none was thought to have 
underlying organic heart disease and the inci- 
dence of paroxysmal tachycardia was approx- 
imately 12 per cent. 

The electrocardiographic characteristics, the 
instability of intraventricular excitation and 
the intermittent nature of the anomalous exci- 
tation are discussed. 

The experimental production of normal exci- 
tation is discussed with particular reference to 
the effects of varying vagal tone at various 
levels of the conduction system and to the value 
of intravenous administration of atropine sul- 
fate. 

The vectorcardiographic characteristics are 
presented. 

The variability and lability of the S-T seg- 
ments and T waves are stressed with respect to 
both spontaneous changes and those following 
various maneuvers. 

The probable congenital nature of the true 
WPW syndrome is stressed and the usual benign 
clinical nature discussed. This study casts 
serious doubt on the concept of an acquired 
WPW syndrome. 
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Electrocardiographic Findings in 67,375 


Asymptomatic Subjects 


V. Left Bundle Branch Block* 
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San Antonio, Texas 


LTHOUGH it is generally accepted that right 

bundle branch block may occur as a 
congenital finding or exist without cardiac 
disease, it is doubtful if the same can be said 
regarding left bundle branch block. This 
paper will examine critically a number of re- 
ports relative to the significance of left bundle 
branch block as well as present data on thirteen 
examples of complete left bundle branch block 
found as a result of a routine electrocardiogram 
in an asymptomatic population of 67,375 sub- 
jects. An additional twelve cases of left bundle 
branch block occurring in the flying popula- 
tion are included. ‘The latter were not found 
as a result of the routine electrocardiographic 
survey. 


HIsToRICAL REVIEW 


It is not the intent of this paper to present an 
exhaustive review of the literature on bundle 
branch block. A complete review of the litera- 
ture preceding 1950 has been published by 
Rosenman, Pick and Katz.! In 1938, Yater? 
also published an excellent review and reported 
cases correlated with pathologic studies. Ac- 
cordingly, only the highlights of reports that 
have a direct bearing on the cause and signifi- 
cance of left bundle branch block will be in- 
cluded. 

Graybiel and Sprague’ reported an analysis of 
395 cases of bundle branch block. This report 
greatly influenced the earlier clinical impression 
that bundle branch block was associated with 
a poor prognosis. Of this series, on a follow-up 
evaluation, 223 had died with an average dura- 
tion of life of fourteen months after the diagnosis 


of bundle branch block had been made. Un- 
doubtedly, the poor prognosis was a reflection 
of the underlying serious cardiac disease that 
prompted medical evaluation and is unrelated 
to the prognosis of bundle branch block found 
in an asymptomatic population. 

Langley, Reed and Utz‘ reviewed 100 cases 
of bundle branch block among 6,900 patients 
of a U.S. Navy Hospital. Owing to the brevity 
of the report, it is difficult to evaluate part of 
the conclusions or interpret the significance of 
left bundle branch block. The authors stated 
that the prognosis in right bundle branch 
block was not as grave as that in left bundle 
branch block. At least five patients with left 
bundle branch block had myocardial infarc- 
tion. 

Intermittent left bundle branch block has 
been frequently reported, most often in the 
presence of recognized heart disease. Com- 
ments relative to intermittent bundle branch 
block have been previously reported.® 

Following the initial poor prognosis reported 
for left bundle branch block other reports have 
indicated that this was not always true. How- 
ever, a careful review of the reported cases does 
not permit the extension of this concept to mean 
that cardiac disease is not present. Wolfram® 
reported seventeen cases of left bundle branch 
block found in 5,000 electrocardiograms among 
veterans. He stated that seven of these sub- 
jects did not have heart disease; however, some 
doubt may be expressed concerning the validity 
of this conclusion when the published case sum- 
maries are reviewed. 

Vazifdar and Levine’ published a report 
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which included four patients with left bundle 
branch block. They were between forty- 
three and seventy-one years of age and were 
followed up for an average of ten years (seven 
to twelve years) without complication. It 
is doubtful that these four. cases of left bundle 
branch block occurring past the age of forty 
could be used as indicating a congenital origin 
of the defect. In addition, the subsequent 
follow up for a period of seven to twelve years 
does not have any real bearing on the etiology 
of left bundle branch block. It is not unusual 
to see patients with frank .myocardial infarc- 
tion followed up from seven to twelve years 
without complication. 

Manning? has reported one case of complete 
left bundle branch block detected in a 
survey of 5,000 electrocardiograms from the 
Royal Canadian Air Force flying population, 
and apparently no other evidence of cardiac 
disease could be detected. Packard and as- 
sociates? reported one case of complete left 
bundle branch block found in conjunction with 
their evaluation of 1,000 electrocardiograms in 
Navy pilots during the Second World War. 
This particular patient has been followed up 
for a number of years without apparent com- 
plication. 

Kremer and Delchevalerie!® reported a 
familial occurrence of cardiomegaly in three 
siblings, one of whom had complete left bundle 
branch block. Although this report is inter- 
esting, the presence of cardiomegaly indicating 
underlying cardiovascular disease suggests that 
bundle branch block was not the only cardiac 
disease present, and that a simple isolated oc- 
currence of congenital left bundle branch block 
was not the case. 


MATERIAL AND METHODS 


Routine electrocardiograms were recorded on 
67,375 members of the flying population in the U. S. 
Air Force. All were recorded at the time of the 
annual physical examination. Analysis of these 
records revealed that thirteen subjects had complete 
left bundle branch block. Ten of these were eval- 
uated in detail at the School of Aviation Medicine. 
These thirteen cases comprise Series A and provide 
a statistical incidence of left bundle branch block in 
the routine electrocardiographic survey. In addi- 
tion to these cases, another group of subjects, in- 
cluded as Series B, represent cases of left bundle 
branch block found in the flying population as a 
result of electrocardiograms recorded for reasons 
other than the survey of the asymptomatic flying pop- 
ulation. This important series is included as it 
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Fic. 1. Case 2. The typical features of left bundle 
branch block are demonstrated by the routine electro- 
cardiogram. The vectorcardiogram as seen in the 
frontal (/eft) and sagittal (right) views demonstrates a 
QRS loop directed leftward and posterior. No anterior 
component to the QRS loop is present. The T loop 
is directed opposite to the QRS loop. 


sheds a great deal of light upon the significance and 
etiology of left bundle branch block. 

Clinical evaluation included detailed history, 
physical examination, routine twelve-lead electro- 
cardiogram, double Master exercise test, vector- 
cardiograms, various stress procedures, cardiac 
fluoroscopy and routine laboratory studies, including 
blood sugar and blood cholesterol levels. 


RESULTs AND CASE REPORTS 


SERIES A 


The incidence of complete left bundle branch 
block in the asymptomatic population in this 
study was 0.02 per cent or 1 in 5,000. The 
average age of the group was thirty-two years. 
Because of the limited number of such reports 
available, the case reports are briefly sum- 
marized. 


Case 1. J. E., twenty-seven years old, was asymp- 
tomatic when a routine electrocardiogram demon- 
strated complete left bundle branch block. At age 
twelve he was critically ill with rheumatic fever. 
The illness was of such severity that he was not 
expected to live and the last rites were administered. 
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However, he did recover. He passed a flying physical 
at age twenty-one and no mention of cardiac findings 
was made prior to a recording of the routine electro- 
cardiogram which demonstrated complete left bun- 
dle branch block. The physical examination was 
within normal limits. The subject was 6 feet, 3 
inches in height and weighed 164 pounds. Blood 
pressure was 122/72 mm. Hg and pulse was 78 per 
minute. There was a grade 1 apical systolic murmur 
present. 


Comment: This is an example of a young man 
who had previously experienced rheumatic 
carditis of sufficient severity to cause complete 
left bundle branch block. The conduction 
defect is residual evidence of previous rheu- 
matic carditis in an asymptomatic subject with 
no abnormal physical findings. 


Case 2. L. C., twenty-eight years old, was asymp- 
tomatic when an electrocardiogram demonstrating 
complete left bundle branch block was recorded 
(Fig. 1). He had had a severe undiagnosed febrile 
illness during his first year of life. At age fifteen he 
had Bright’s disease with marked edema and severe 
hypertension. Following recovery from the one 
acute episode he had no recurrence of the symptoms 
or findings referable to renal pathology. Physical 
examintion was not remarkable. 


Comment: This is another example of a young 
man who presents with complete left bundle 
branch block and a past history of a serious 
illness. The left bundle branch block was 
likely a result of myocarditis associated with the 
streptococcal infection preceding glomerulo- 
nephritis or secondary to vascular disease as- 
sociated with glomerulonephritis. 


Case 3. L. M., thirty-eight years old, was asymp- 
tomatic when complete left bundle branch block was 
noted on a routine electrocardiographic tracing. 
Past and family histories were non-contributory. 
Physical examination revealed a healthy young man, 
5 feet, 10 inches tall and weighing 193 pounds. 
He exhibited a tendency to vascular hyperreactivity. 
The initial blood pressure recording was 152/106 mm. 
Hg, while subsequent determinations were within 
normal limits, being recorded as low as 128/74 mm. 
Hg. 


Comment: Complete medical evaluation and 
past history of this subject failed to reveal any 
etiology for the origin of complete left bundle 
branch block. If any previous infectious dis- 
ease occurred to cause carditis, it was un- 
known or denied by the patient. Numerous 
electrocardiograms were recorded at different 
medical facilities; all showed complete left 
bundle branch block. A follow-up evaluation 


Fic. 2. Case 4. An example of left bundle branch block 
with the QRS loop directed upward. The frontal (deft) 
and sagittal (right) views are depicted. The QRS loop 
is counterclockwise in both projections and no anterior 
component is noted. — 


sixteen months after the initial record of left 
bundle branch block demonstrated a normal 
electrocardiogram. After exercise with an in- 
creased cardiac rate, complete block was again 
noted. As the rate slowed, intermittent block 
occurred. The demonstration of intermittent 
left bundle branch block strongly suggests 
abnormality of the conduction system rather 
than a congenital defect. 


Case 4. O. A. was an asymptomatic twenty- 
nine year old officer found to have complete left 
bundle branch block (Fig. 2). His past illnesses 
included measles, mumps and chicken pox with an 
occasional infection of the upper respiratory tract. 
He was hospitalized in 1945 for a few days because of 
a mild sore throat and fever. The family history 
was non-contributory other than the fact that all 
of his grandparents lived until their eighth decade. 
Physical examination was unremarkable, revealing 
a young officer of healthy appearance, 5 feet, 8'/>» 
inches in height, weighing 156 pounds. 
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Comment: It is not possible to pinpoint any 
particular acute illness as the cause of complete 
left bundle branch block in this subject. The 
possibility that the sore throat and fever for 
which he was hospitalized in 1945 caused myo- 
carditis cannot be excluded. 


Case 5. N. G. was a thirty-six year old officer in 
apparent good health and asymptomatic when he 
was found to have complete left bundle branch block. 
Eleven years before an electrocardiogram had been 
recorded which was not available for comparison. 
He was told at that time that his electrocardiogram 
was unusual. The family history was non-contrib- 
utory. Physical examination revealed that he was 
6 feet tall, weighed 167 pounds, and had a blood 
pressure of 122/70 mm. Hg.. There was a grade 2 
apical systolic murmur. On fluoroscopic examina- 
tion he presented the interesting finding of a leio- 
myoma of the esophagus. This was subsequently 
removed by operation without complications. Car- 
diac catheterization was also performed and the 
results were within normal limits. 


Comment: No etiology for complete left 
bundle branch block is apparent. It is doubt- 
ful that the presence of the leiomyoma of the 
esophagus has any direct relationship to the 
occurrence of left bundle branch block. 


Case 6. D. A. was an asymptomatic thirty-six 
year old officer found to have complete left bundle 
branch block on a routine electrocardiogram. His 
past history was significant in that he had had severe 
diphtheria at the age of six. Convalescence re- 
quired more than a month. There were no known 
sequelae. The family history was non-contributory. 
On physical examination the patient was of healthy 
appearance, 5 feet, 8'/2 inches in height and 160 
pounds in weight. There were no other significant 
findings. 


Comment: The presence of severe diphtheria in 
childhood suggests the possibility that the con- 
ducting system of the heart was involved and 
left bundle branch block may have occurred as 
a direct result of diphtheritic myocarditis. 


Case 7. H. V., an asymptomatic thirty-six year 
old officer, was found to have complete left bundle 
branch block on a routine electrocardiogram. His 
past history included chicken pox at the age of six, 
and bronchial pneumonia at five years of age. The 
family history was non-contributory. Physical ex- 
amination revealed a muscular, balding, middle- 
aged appearing man, 5 feet, 7 inches in height and 
148 pounds in weight. The blood pressure was 
120/84 mm. Hg. There were no other significant 
findings. 


Comment: It is not possible to state the etiology 
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of the left bundle branch block in this case. 
The physical appearance of a muscular, bald- 
ing, middle-aged man tends to favor a diagnosis 
of underlying coronary disease. On the other 
hand, pneumonia at age five may have been 
a significant fact and could have been as- 
sociated with inflammatory changes of the con- 
duction system. 


Case 8. R. S. was a thirty-eight year old officer 
who was found to have complete left bundle branch 
block on a routine electrocardiogram. His past 
history revealed only measles as a child, and hos- 
pitalization for influenza while in the Army. In 
1951 he experienced an episode of syncope during 
warm weather which was associated with clinical 
symptoms suggestive of acute labyrinthitis, mani- 
fested by several weeks of dizziness, marked nausea 
and vomiting. After treatment the symptoms cleared 
and there were no subsequent difficulties. His 
mother died of a stroke as a complication of long 
standing hypertension. The other interesting feature 
of his history was the presence of intermittent ring- 
ing in both ears which was not persistent or trouble- 
some. Physical examination revealed a man of 
healthy appearance, 5 feet, 8 inches tall and weighing 
150 pounds. The blood pressure was 122/64 mm. 
Hg. There was slight premature graying of the hair. 
No other significant physical findings were noted. 
He was evaluated over a year after left bundle branch 
block was first observed and no complications had 
occurred in the intervening time. 


Comment: The etiology of left bundle branch 
block in this case must remain obscure in the 
absence of significant past history or suf- 
ficient clinical evidence to substantiate the pres- 
ence of any active disease processes. 


Case 9. L. S. was an asymptomatic officer in 
whom complete left bundle branch block was dis- 
covered on a routine examination at age thirty- 
eight. His past history included vague discomfort. 
in the upper abdomen, and excessive belching ap- 
proximately two years before. The family history 
was interesting in that his mother died at age fifty of 
a cerebral hemorrhage following renal disease, one 
maternal uncle died of a heart attack and another 
maternal uncle died of a stroke. Physical examina- 
tion revealed a man of healthy appearance 5 feet, 
9 inches tall and 144 pounds in weight. The blood 
pressure was 124/88 mm. Hg. 


Comment: The origin of left bundle branch 
block in this subject remains obscure. The 
episode of acute indigestion at age thirty-six 
may have been more than indigestion; how- 
ever, there was no clinical information to sup- 
port a more definitive diagnosis. A complete 
upper gastrointestinal x-ray study performed at 
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TABLE I 
Electrocardiographic and Vectorcardiographic Features in Thirteen Cases of Left Bundle Branch Block (Series A) 


Case | Rate 
No (per | Interval Duration Interval 


Vector 


lead Vs 
2 70 0.18 0.13 0.44 


lead V3 


lead V4 


4 78 0.18 0.14 0.40 0° posterior; 


| lead Ve 
5 84 | 0.18 0.14 0.42 


lead V4 
6 80 0.14 0.14 0.38 


lead V3 


lead V3 
0° posterior; 


transition be- 
tween leads 

Vi and Vs 
— 45° posterior; 
| transition be- 
| tween leads 
Vi and V5 
+60° posterior; 


78 0.16 0.12 0.38 


transition at 


lead V4 


lead V4 
80 0.20 0.14 0.42 0° posterior; 


| lead V4 


Mean QRS 


— 30° posterior; 
transition at 


+45° posterior; 
transition at 


Heart Rate During 
Exercise (per min.) 
Vectorcardio- 


+45° posterior; 
transition at 


transition at 


— 30° posterior; | 
transition at 


+60° posterior; 
transition at 


+60° posterior; 
transition at 


transition at 


Mean T 
Vector graphic 
| Immedi- | Two QRS Loop 
Before | ately Minutes 
| After After 
+60° anterior; 72 96 55 No anterior 
upright in leads | component 
Vi to Vs 
— 105° anterior; 4g | 70 50 No anterior 
transition at component 
lead V4 
+60° anterior; 78 100 92 No anterior 
upright in leads component 
Vi to Ve 
+ 90° anterior; 
upright in leads 
Vi to Ve 
+ 90° anterior; 72 110 75 No anterior 
transition at component 
lead Ve 
+60° anterior; 75 100 75 No anterior 
transition at component 
lead Ve 
+60° anterior; 70 80 72 No anterior 
transition at component 
lead Ve 
+75° anterior; 60 100 72 No anterior 
upright in leads component 
Vi to Ve 
+75° anterior; 60 75 60 Anterior 
transition at component 
lead Ve present 
+60° anterior; No anterior 
transition at component 
lead Vs 


+30° posterior; + 30° anterior; 
transition be- 
tween leads 
Vs and Ve 

+ 45° anterior; 
transition at 


transition at 


lead Ve 


+ 60° anterior; 
transition be- 
tween. leads 
Vaand Vs 

+80° anterior; | No anterior 
transition at component 
lead Vs 


the time of symptoms revealed no abnormalities 
but no electrocardiogram was taken. 


Case 10. T. B. was a forty year old officer found 
to have complete left bundle branch block during a 
routine electrocardiogram. Periodically during the 
past two years, this patient had noted bilateral aching 
pain in the area about the angle of the jaw and ex- 
tending posteriorly around the neck to the midline 
and down the anterior part of the neck to the clavicle. 
This pain was most severe on the left side and gen- 
erally occurred in the evening. It would not appear 
during exercise, but often occurred one to two hours 
following exercise. There was no associated pain 
in the chest or other symptoms. Previous roentgeno- 
graphic examination revealed reversal of the normal 
lordotic curve of the cervical spine and narrowing 
of the interspaces between C4, C5 and C6. There 


was no other symptomatology which might be con- 
strued as referable to the cardiovascular system. 
His past history was significant in that he had scarlet 
fever during childhood. He also had malaria during 
World War m1 with one recurrence. His family 
history was interesting from the point of view that 
the patient’s father, paternal grandfather and two 
paternal uncles died of coronary thrombosis between 
the ages of forty-five and sixty-one. Physical ex- 
amination revealed a well developed man of healthy 
appearance, 5 feet, 5 inches tall and weighing 155 
pounds, with a blood pressure of 128/66 mm. Hg. 
There was a grade 1 apical systolic murmur. No 
other significant findings were noted. 


Comment: The etiology of left bundle branch 
block cannot be ascertained. The presence of 
scarlet fever in childhood documents the pres- 
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ence of streptococcal infection and suggests 
myocarditis as a likely etiology. The strong 
family history of coronary artery disease, on 
the other hand, suggests this as an etiologic fac- 
tor. 

Cases 11, 12 and 13 were subjects thirty- 
eight, thirty-eight and twenty-nine years of age 
and apparently asymptomatic. They were not 
available for clinical evaluation. 

The  electrocardiographic, _-vectorcardio- 
graphic and exercise tests performed on ten 
subjects evaluated clinically are summarized 
in Table 1. Only one subject demonstrated 
a QRS pathway that began anteriorly. Only 
one subject demonstrated S-T segment changes 
after a double exercise test. The fasting blood 
sugar, cholesterol and phospholipid studies were 
within normal limits for the entire group. 


SERIES B 

This group includes twelve cases of left 
bundle branch block not found as part of the 
electrocardiographic survey. They are of im- 
portance concerning the etiology of left bundle 
branch block. 


Case 14. R. B. was a thirty year old officer who 
consulted a physician for symptoms of fatigue and 
vague pain in the chest which was non-specific in 
character. A routine electrocardiogram demon- 
strated complete left bundle branch block. On 
subsequent evaluation at the School of Aviation 
Medicine he appeared to be a healthy young officer 
who demonstrated a fairly loud systolic murmur of 
grade 2 intensity over the base of the heart. He 
continued to complain of symptoms of muscular ach- 
ing over the shoulders and the interscapular region. 
Approximately one year after left bundle branch 
block was noted, extensive stress tests were carried 
out with treadmill and ventilation studies. These 
revealed deficiencies in performance as compared 
to normally healthy persons. 


Comment: The presence of pain in the chest 
and fatigue of the severity described by this 
officer in association with the left bundle branch 
block suggests the possibility of myocarditis. 
Significant coronary artery disease cannot be 
excluded even in a subject of this age. This 
officer has been followed up for over two years 
ifter detection of left bundle branch block, and 
no adverse clinical symptoms or findings have 
een demonstrated. 


Case 15. L. D. was an asymptomatic thirty-one 
year old officer. His past history included a ques- 
tionable episode of scarlet fever at age nine without 


complications. He had bronchial pneumonia at 
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twenty-three years of age. He was rejected from 
military service in 1943 because of albuminuria, 
although there was no history of renal disease or 
subsequent evidence of albuminuria. He weighed 
202 pounds at age nineteen. He was then employed 
as a lumber jack. 

A routine electrocardiogram recorded at thirty- 
one years of age was abnormal (Fig. 3). The ab- 
normality consisted of rudimentary R waves across 
the anterior precordium with deeply inverted T waves. 
These findings were strongly suggestive of myocardial 
infarction of the anterior wall, and it was requested 
that he be evaluated in consultation. In the in- 
terim between recording of the abnormal electro- 
cardiogram and the time of his consultation he had 
fallen off the back of a truck, sustaining a linear frac- 
ture of the occipital skull. He was unconscious for 
three to four minutes following the fall and shortly 
thereafter marked lethargy developed although he 
could be easily aroused. The only residual of the 
injury to the head was amnesia for the twenty-four 
hour period following the fall. Subsequent follow- 
up examination revealed no evidence of neurologic or 
electroencephalographic defects. 

Physical examination revealed a white man of 
healthy appearance, 5 feet, 11 inches tall, weighing 
188 pounds and with a blood pressure of 130/72 mm. 
Hg. There was a grade 1 systolic murmur heard 
along the left sternal border and at the apex. There 
were no other significant physical findings. An 
electrocardiogram at the time of consultation one 
year after the first tracing demonstrated complete 
left bundle branch block. 


Comment: This case is extremely interesting 
because it demonstrates an abnormal electro- 
cardiogram recorded as a routine part of an 
examination. This  electrocardiogram 
strongly indicative of a lesion of the anterior 
wall of the left ventricle. This, in itself, is a 
reminder that cardiac disease can occur in 
young people without presenting significant 
symptoms which are recalled by the patient. 
The presence of left bundle branch block found 
one year later is further substantiation that 
cardiac disease was present. A case such as this 
clearly demonstrates the fallacy of assuming 
that the presence of left bundle branch block 
in the young asymptomatic subject is innocuous. 
The previous recording one year earlier of an 
electrocardiogram strongly suggestive of in- 
farction of the anterior wall is beneficial in 
clarifying the etiology of left bundle branch 
block in this case. The serial electrocardio- 
grams suggest that a silent myocardial infarc- 
tion had occurred and one year later was ob- 
scured by the development of complete left 
bundle branch block. In the absence of the 
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Fic. 3. Case 15. 


A routine electrocardiogram (/eft) demonstrates abnormal 


features compatible with disease of the anterior myocardial wall. A subsequent 
electrocardiogram (right) demonstrates complete left bundle branch block. The 
QRS loop of the vectorcardiogram is counterclockwise in the frontal (deft) and 
saggital (center) plane and clockwise in the transverse plane (right). The T loop 


is directed opposite the QRS loop. 


previous abnormal electrocardiogram, one 
might have been tempted to assume the er- 
roneous conclusion that left bundle branch block 
in this subject was without clinical significance. 


Case 16. L. H. sought medical attention for 
severe coughing spells, audible expiratory wheez- 
ing and asthmatic symptoms. An electrocardio- 
gram recorded during the acute illness demonstrated 
complete left bundle branch block. In 1956 he 
was hospitalized for diarrhea and weight loss. A 
bromsulphalein test showed 10 per cent retention 
after forty-five minutes. He had previously had 
diarrhea in 1953 while stationed in India. A diag- 
nosis of amebiasis was entertained in view of recur- 
rent episodes of diarrhea, and a course of chloroquine 
and carbisone was given. Physical examination at 
the time of his consultation revealed a young, as- 


thenic man weighing 122 pounds. The edge of the 
liver was palpable one fingerbreadth below the right 
costal margin. There was no evidence of pulmonary 
disease. The blood pressure was 120/80 mm. Hg, 
although on other examinations it was found to be 
160/110 mm. Hg and 146/100 mm. Hg. Tests of 
liver function were normal as were studies of pul- 
monary function. However, a two-hour postpran- 
dial blood sugar test gave a result of 130 mg. per cent. 
The blood sugar measurements following a glucose 
tolerance test were as follows: fasting, 100 mg. per 
cent; one-half hour, 228 mg. per cent; one hour, 
217 mg. per cent; two hours, 117 mg. per cent; and 
three hours, 50 mg. per cent. A diagnosis of mild 
diabetes mellitus, controlled by diet alone, was made. 


Comment: This patient presented himself 
for respiratory complaints which were sub- 
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Case 17. 
demonstrates T wave inversion in leads V; to V4 which 


Fic. 4. A routine electrocardiogram (/eft) 


were not present one year earlier. A repeat tracing 
(right) demonstrates development of complete left 
bundle branch block. 


sequently ascertained to be associated with an 
allergic response of a temporary nature. In 
the course of the examination he was found to 
be a vascular hyperreactor and to have diabetes. 
Vascular disease is a common complication of 
diabetes. The etiology of the left bundle 
branch block must remain a matter of opinion. 
The presence of diabetes and the borderline 
blood pressure determinations strongly sug- 
gest underlying coronary artery disease. 


Case 17. D. P. wasa thirty-two year old asympto- 
matic officer. A normal electrocardiogram was 
recorded in 1957 as a part of an annual examination. 
One year later an electrocardiogram demon- 
strated inversion of the T waves in leads V, through 
V4. This tracing was originally interpreted as a 
persistent juvenile pattern. However, since a 
normal tracing had been previously recorded, the 
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electrocardiogram was repeated in October 1958. 
At this time left bundle branch block was apparent 
(Fig. 4). The past history was significant in that he 
had one episode of pain in the chest in 1955 described 
as sharp in character and located in the left in- 
frascapular region, aggravated by coughing and deep 
breathing. Laboratory studies demonstrated a mild 
leukocytosis which was attributed to pleurisy. He 
had an urticarial reaction to penicillin in 1952. His 
family history was interesting in that his father, 
although aged sixty-two, suffered what was described 
as a heart attack at age thirty-five. On physical 
examination the patient gave a healthy appearance, 
was 6 feet, 1 inch tall and weighed 193 pounds. 
The blood pressure was 136/86 mm. Hg. There 
were no other significant physical findings. 


Comment: The demonstration of a normal 
electrocardiogram, followed by an abnormal 
electrocardiogram consisting of IT’ wave changes 
across the anterior precordium, and later by 
development of complete left Lundle branch 
block confirms the presence of relatively recent 
myocardial disease. The most likely etiology 
is either myocarditis or coronary artery disease. 
Either could be expected to produce this se- 
quence of clinical events. In any case, the 
possibility of an innocuous congenital lesion is 
adequately excluded. 


Case 18. M. B. was a thirty-six year old officer 
who was discovered to have complete left bundle 
branch block at the time of a routine annual physical 
examination. Two years prior to this examination 
he had suffered an episode of acute indigestion. 
His physician recorded an electrocardiogram which 
was normal. No subsequent electrocardiograms were 
taken during the acute illness. There were no other 
significant features to the history. Physical examina- 
tion revealed a robust young officer, 6 feet, 1 inch tall, 
weighing 210 pounds. The blood pressure was 145/ 
90 mm. Hg in the right arm and 160/100 mm. Hg 
in the left arm. There were no other significant 
physical findings. The blood cholesterol was 358 
mg. per cent. 


Comment: The presence of a previous normal 
electrocardiogram in this subject excludes the 
possibility of long standing left bundle branch 
block or left bundle branch block of congenital 
origin. The previous history of indigestion of 
sufficient severity to prompt his physician to 
record an electrocardiogram is strong evidence 
that the episode of indigestion may well have 
been secondary to cardiac disease. A _pre- 
sumptive diagnosis of coronary artery disease 
was made. 


Case 19. W. P. was a thirty-eight year old officer 
who was found to have complete left bundle branch 
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block at the time of his annual physical examination. 
The electrocardiogram previously recorded as a 
part of the electrocardiographic survey was within 
normal limits. It was learned that approximately 
sixteen months prior to the detection of complete 
left bundle branch block he suffered pain in the right 
anterior part of the neck which radiated into the 
sternoclavicular region on the right. The pain oc- 
curred only with exertion, but was of sufficient se- 
verity that the patient would stop and clutch his neck 
spontaneously. The pain was brief in duration and 
stopped abruptly after exertion was discontinued. 
At the time of clinical symptoms the officer had 
gained appreciable weight and had limited oppor- 
tunities for physical activity. He also complained 
of occasional aching pain in the left posterior part of 
the neck and in the shoulders. This was associated 
with numbness and tingling radiating into the left 
forearm. This pain had previously been attributed 
to a cervical disc with irritation of the nerve root 
as evidenced by history and the roentgenographic 
finding of narrowing of interspaces C5 and C6 with 
a slight reversal of the normal curve of the cervical 
spine. Physical examination revealed a man of 
healthy appearance, 6 feet, 2 inches tall and weighing 
183 pounds. The blood pressure was 126/88 mm. 
Hg. There were no other significant findings. 


Comment: Although some confusion may have 
been expected at the initial onset of symptoms 
in the absence of other supporting data, the 
history of pain in the neck occurring only with 
exertion indicates atypical angina. The sub- 
sequent development of complete left bundle 
branch block in the face of a previously normal 
electrocardiogram is confirmatory evidence of an 
acute myocardial process. ‘The onset of angina 
in the absence of valvular or congenital heart 
disease is suggestive evidence of a small myo- 
cardial infarction. This officer had another 
evaluation eight months after left bundle branch 
block was discovered. A normal electrocardio- 
gram was obtained which was not significantly 
different from that obtained prior to the onset 
of left bundle branch block. Increase in cardiac 
rate associated with exercise caused left bundle 
branch block to recur. 


Case 20. B. P. was a forty-one year old asympto- 
matic officer found to have complete left bundle 
branch block during a routine electrocardiogram. 
His past history revealed scarlet fever at two years 
of age. Physical examination was that of a well 
developed officer 6 feet tall, weighing 182 pounds. 
Blood pressure was 130/88 mm. Hg. There were 
no other significant physical findings. The elec- 
trocardiogram was not typical of complete left bundle 
branch block due to the absence of plateau formations 
of the QRS complex in lead 1. However, the QRS 


Fic. 5. Case 21. A routine electrocardiogram (left) 
was recorded at the time of annual physical examination. 
One year later (right) left bundle branch block was 
noted. 


duration was 0.12 second. A previous electrocardio- 
gram was recorded at the time of the annual physical 
examination one year prior to this particular tracing. 
It was abnormal in that R waves were absent in 
leads Vi, V2 and V3. Between the time of recording 
the two electrocardiograms there was a definite in- 
crease in the QRS interval. 


Comment: The interesting feature in this case 
is the recording of a previous electrocardiogram 
strongly suggestive of an infarction of the ante- 
rior myocardial wall. The increase in QRS 
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duration since that time without the clinical 
development of left ventricular hypertrophy 
points to a conduction defect. Because of the 
appearance of the QRS complexes some author- 
ities might choose to call the second record in- 
complete or atypical left bundle branch block. 
Nevertheless, the sequence of the electrocardio- 
grams suggests the presence of myocardial 
disease. 


Case 21. E. P. was a forty-one year old officer 
who, on a routine electrocardiogram, was found to 
have complete left bundle branch block. A pre- 
vious record taken one year earlier, as part of the 
electrocardiographic survey, was within normal limits 
(Fig. 5). A subsequent electrocardiogram recorded 
one month after the record showing complete left 
bundle branch block was again normal. Prior to the 
demonstration of the abnormal electrocardiogram 
the patient complained of episodes of paroxysmal 
nocturnal dyspnea. These were relieved by taking 
tranquilizers. The episodes occurred after retiring 
at night and shortly before falling asleep. They 
apparently were not associated with emotional or 
physical stresses. In nearly every instance pre- 
monitory expiratory wheezing of mild degree had 
developed in the early portion of the evening prior 
to retiring. He complained of the sensation of 
shortness of breath when approaching an altitude 
of 9,000 to 10,000 feet in level flight. Shortness of 
breath was particularly severe when performing any 
type of physical activity. These sensations were 
always relieved by the administration of oxygen. 
He also complained of having experienced several 
episodes of high epigastric burning after eating a 
heavy meal during the past year, relieved by alkali. 
He had never experienced pain in the chest. He had 
“infectious yellow jaundice” during military service in 
1945 and was hospitalized for ten days. Recovery was 
uneventful. Past history revealed an episode of ach- 
ing pain of moderate severity of both shoulders and 
arms, but more pronounced on the left, approximately 
two years before consultation. 

Physical examination revealed a well developed 
man, 5 feet, 10 inches in height, weighing 178 pounds, 
with a blood pressure of 138/88 mm. Hg. The ret- 
inal arterioles showed minimal A-V nicking. There 
were no other significant physical findings. An 
electrocardiogram recorded at the time of his con- 
sultation visit was within normal limits. A double 
exercise test was normal as were tests of pulmonary 
function. A follow-up evaluation two months later 
again demonstrated complete left bundle branch 
block. 


Comment: It is difficult to evaluate the clini- 
cal history of this subject. No apparent etiol- 
ogy for paroxysmal dyspnea was detected. 
It is possible that this symptomatology was re- 
lated to an allergen, rather than cardiovascular 
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disease. The vague discomforts in the chest 
and indigestion which he described are also 
difficult to evaluate. The history should be 
evaluated in the light of subsequent information 
that this officer was later presented to a phys- 
ical evaluation board for retirement. It is 
difficult to state what influence the combina- 
tion of events of expected removal from flying 
duty with its loss of pay benefits and subsequent 
presentation to a physical evaluation board for 
a disability evaluation has on the patient’s 
symptomatology. Many of these symptoms 
were documented by his medical records prior 
to the time the left bundle branch block was 
noted. Certainly, the finding of a previous 
normal electrocardiogram in a person with this 
multiplicity of ill-defined complaints and the 
subsequent demonstration of left bundle branch 
block is sufficient evidence to entertain the 
diagnosis of underlying coronary artery disease. 
The demonstration of intermittent left bundle 
branch block is not a rare finding. Most of 
these patients eventually demonstrated per- 
manent or fixed left bundle branch block; 
apparently the electrocardiogram in this pa- 
tient now shows permanent left bundle branch 
block. 


Case 22. This forty year old asymptomatic 
officer was found to have complete left bundle branch 
block at the time of his annual physical examination. 
The electrocardiogram was recorded prior to the 
electrocardiographic survey. He had suffered severe 
thyrotoxicosis in 1948 for which he was hospitalized ; 
a thyroidectomy was performed at that time. The 
only residual evidence was persistent marked ex- 
ophthalmos. He had scarlet fever as a child; other- 
wise the history was non-contributory. Physical 
examination revealed the presence of prominent 
exophthalmos persistent for over eight years. There 
was a slight tremor of both hands and the palmar 
surface of both hands presented distinct red mottling. 
The thyroidectomy scar was noted. There were no 
other significant findings. Extensive laboratory 
studies were essentially normal. The blood choles- 
terol was 189 mg. per cent; basal metabolic rate was 
—10; and the serum protein-bound iodine was 9.1 yg. 


Comment: The history of previous thyro- 
toxicosis and the presence of a high normal 
protein-bound iodine makes the diagnosis of 
coronary artery disease less likely. Two etiol- 
ogies for left bundle branch block are suggested 
in this case. A possibility of severe thyrotox- 
icosis having an adverse effect on the myocar- 
dium must be considered and the childhood 
history of scarlet fever suggests the possibility 


Lamb, Kable and Averill 


Fic. 6. Case 25. The electrocardiogram (leads 1, II and 111) at the top demon- 


strates left bundle branch block noted at the age of twenty-four. A routine 
electrocardiogram at age forty-six (twenty-two years later) is at bottom. 


of rheumatic myocarditis secondary to a 
streptococcal infection. It is unlikely that 
left bundle branch block has occurred in this 
particular subject without some acquired dis- 
ease in the conduction system. 


Case 23. R. S. was a forty-seven year old officer 
in apparent good health. At the time of his routine 
physical examination, an electrocardiogram demon- 
strated complete left bundle branch block. Be- 
cause he was past the age of forty, previous elec- 
trocardiograms had been recorded; all were within 
normal limits. Past history was non-contributory 
and the physical examination revealed no finding 
other than those consistent with the officer’s age. 


Comment: Demonstration of annual normal 
electrocardiograms up to the age of forty-seven 
and the subsequent development of left bundle 
block are indicative of a recent acute process 
and exclude childhood carditis or congenital 
heart disease as an etiologic factor. The 
most likely diagnosis is underlying coronary 
artery disease with degeneration of the left 
bundle. 


Case 24. G. H. was a fifty-five year old asympto- 
matic officer whose previous electrocardiograms were 


normal. At the time of his annual physical ex- 
amination a routine electrocardiogram demonstrated 
complete left bundle branch block. Physical ex- 
amination showed no significant findings other than 
moderate obesity and changes consistent with his age. 


Comment: This is another example of left 
bundle branch block of recent origin docu- 
mented by previous recordings of normal electro- 
cardiograms. Its occurrence in a man of this 
age is evidence of degenerative changes in the 
myocardium which are most likely secondary to 
coronary artery disease. 


Case 25. R. J. was a forty-six year old officer. 
A routine electrocardiogram recorded during all of 
his annual physical examinations demonstrated com- 
plete left bundle branch block. He had had an elec- 
trocardiogram of standard leads 1, mn and m recorded 
at age twenty-four for purposes of obtaining life 
insurance (Fig. 6); complete left bundle branch 
block was demonstrated on that record. The past 
history is significant only in that scarlet fever had 
occurred in childhood. Physical examination was 
unremarkable. 


Comment: The documented presence of com- 
plete left bundle branch block at age twenty-four 
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in this officer and the subsequent follow up at the 
age of forty-six, together with the past history 
of scarlet fever are strong evidence that left 
bundle branch block was due to myocarditis, 
presumably on a rheumatic basis, but the 
abnormality itself was not sufficient to cause 
significant impairment of cardiovascular func- 
tion. As a result, a normal life with usual 
physical activity was carried on for a period of 
over twenty-two years without any complica- 
tions. This is one of the longest follow-up 
studies of left bundle branch block that have 
been reported. 


COMMENTS 


A careful review of the literature fails to give 
any supporting evidence to the possibility of 
isolated congenital left bundle branch block. 
The majority of the cases reported in the litera- 
ture are in older persons. Many of these, for 
whom case reports are available, demonstrate 
adequate causes for the development of left 
bundle branch block. These include such 
factors as hypertension or discovery of the 
lesion in an age group in which coronary artery 
disease is a common finding. Reports of young 
people with complete left bundle branch block 
are often associated with a documented history 
of acute myocardial infarction. The simple 
follow-up evaluation for a period of seven 
to twelve years after discovery of left bundle 
branch block is not sufficient evidence to indi- 
cate that left bundle branch block is present 
without significant disease. The follow-up 
evaluation of patients with documented myo- 
cardial infarctions for periods of ten to twenty 
years is not unknown to medical literature. 
Such follow-up studies, however, do not indicate 
that myocardial infarction is an innocuous 
finding. 

This large electrocardiographic survey (series 
A) points up the rarity of complete left bundle 
branch block in a healthy population. The 
incidence of left bundle branch block was only 
0.9 per 10,000 below the age of thirty-five and 
4 per 10,000 above the age of thirty-five years. 
This is a sharp contrast to the incidence of com- 
plete right bundle branch block. Moreover, an 
evaluation of ten of the subjects found in the 
routine survey demonstrated a high degree of 
clinical illnesses or findings suggestive of cardiac 
involvement, and certainly capable of producing 
complete left bundle branch block. The associ- 
ated findings included previous rheumatic fever, 
previous acute nephritis, vascular hyperreac- 
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tivity, previous streptococcal infection of the 
throat requiring hospitalization, associated leio- 
myoma of the esophagus, previous diphtheria, 
previous childhood pneumonia and the pos- 
sibility of underlying arteriosclerotic heart dis- 
ease, previous labyrinthitis and previous scarlet 
fever in a patient with a strong family history 
of coronary artery disease. None of these 
cases lend much support to the concept that 
left bundle branch block can exist as an 
isolated abnormality. In the majority of the ten 
cases of complete left bundle branch block found 
in series A, the previous history or evidence of 
illnesses commonly associated with heart disease 
was brought to light when electrocardiograms 
demonstrated the presence of complete left 
bundle branch block. 

Series B presents a number of unusual features. 
The presence of previous normal baseline 
records in many of the subjects adequately 
excludes the possibility of congenital origin of 
complete left bundle branch block. The dem- 
onstration of previous abnormality on the 
routine electrocardiogram permitted positive 
diagnosis in certain instances. One of the 
most striking of these was the demonstration of 
an electrocardiogram presenting strong evidence 
of previous disease of the anterior wall of the 
left ventricle, even though the subject was a 
young, asymptomatic officer, illustrating the 
relative innocuousness of residual cardiac disease 
in some instances. One patient in this series 
(Case 25) demonstrates the long term follow 
up of innocuous left bundle branch block. 

Clinical Significance and Prognosis: ‘These stud- 
ies support the concept that left bundle branch 
block is evidence of underlying cardiac disease, 
and not an isolated defect in the left bundle on 
a congenital basis. The important question 
to decide when left bundle branch block is 
found is not whether or not disease is present, 
but how significant it might be. In well docu- 
mented casesof previousscarlet fever or diphtheria 
the probability of underlying myocarditis as the 
etiologic factor should receive first consideration. 
The high incidence of coronary artery disease 
even in the young age group requires that arteri- 
osclerotic disease be considered as a major 
cause for the occurrence of left bundle branch 
block, and even the presence of childhood 
scarlet fever does not permit positive exclusion 
of atherosclerosis without previous electrocar- 
diograms. The relatively low incidence of left 
bundle branch block as compared to right 
bundle branch block, and the relatively high 


\ 
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incidence of associated cardiac disease substan- 
tiate the point of view that the prognosis in the 
presence ofleft bundle branch block is not as good 
as in right bundle branch block. Whereas the 
prognosis for right and left bundle branch 
block may be considered equal if both are 
associated with underlying coronary artery 
disease, it is obvious that considerable difference 
exists between the patient who presents with 
left bundle branch block due to coronary artery 
disease and the patient with complete right 
bundle branch block due to an isolated con- 
genital finding. Previous reports in the litera- 
ture have not taken credence of the comparative 
differences in incidence of left and right bundle 
branch block in the asymptomatic population. 
Almost all studies are drawn from hospital 
and clinical data in which the majority of the 
patients seeking medical consultation present 
with definite heart disease of such a nature 
as to require medical consultation. 

These comments are not meant to indicate 
that the prognosis in left bundle branch block 
is necessarily poor. The patient with left 
bundle branch block secondary to mild myo- 
carditis during his childhood, has a good op- 
portunity to lead a normal and unrestricted life. 
The major importance in recognizing that left 
bundle branch block is primary evidence of 
underlying cardiac disease is in those few in- 
stances in which insurability must be ascertained, 
or when the patient wants to participate in 
activities or occupations which present a hazard 
to the cardiovascular system. The inability 
to exclude in a rather positive manner significant 
organic heart disease in the rare patient pre- 
senting with left bundle branch block is suffi- 
cient evidence to require some degree of clinical 
caution before indiscriminately advising such 
a patient to engage in occupations which expose 
him to hypoxia or to any other forms of unusual 
or exceptional stress on the cardiovascular 
system. In order that this opinion may not 
be misconstrued, it should be emphasized that 
in the absence of other findings, these people 
can lead normal lives with normal physical 
activity, but reasonable caution should be 
exercised before advising the unusual. 


SUMMARY 


As a result of routine electrocardiograms 
taken on 67,375 apparently healthy subjects from 
the U. S. Air Force flying population, only 
thirteen examples of complete left bundle branch 
block were found. The majority of the thirteen 
subjects had a significant past history that sug- 
gested an acquired defect of the heart. This 
study points up the fact that complete left 
bundle branch block in a healthy population is 
a rare finding (1 in 5,000). 

Complete left bundle branch block was 
found in twelve other men during examination 
for other reasons. They are not included in 
the statistics of the survey but they do present 
important evidence concerning the etiology of 
asymptomatic left bundle branch block. 

This study presents evidence that left bundle 
branch block is the result of cardiac disease and 
is evidence of cardiac disease. In certain in- 
stances the cardiac involvement may be mini- 
mal, creating no major adverse effects. 
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HIS report is an analysis of 106 cases of 
‘Eee right bundle branch block found 
in an electrocardiographic survey of 67,375 
apparently healthy, asymptomatic adults. The 
survey provided a unique opportunity to study 
right bundle branch in a population assumed 
to be disease-free. The majority of previous 
studies of right bundle branch block are from 
clinic and hospital series of symptomatic pa- 
tients, most often presenting with heart disease. 
Although a number of surveys of normal sub- 
jects have been accomplished, the low incidence 
of complete right bundle branch block (0.16 
per cent) necessitates a large survey to obtain 
very many examples.'~* The age distribution 
of the population in the present study (sixteen 
to sixty-three years) permits an analysis of the 
frequency of this abnormality in different age 
groups. Only cases of complete right bundle 
branch block with a QRS duration of 0.12 second 
or over and a broad S wave in lead 1 associated 
with a broad terminal R’ wave in lead V; are 
included. 


MATERIAL AND METHODS 


Each example of right bundle branch block in 
this survey was discovered by a routine electrocardio- 
gram obtained to fulfill examination requirements for 
flying. The details of the survey have been out- 
lined elsewhere.® In twenty-seven instances the 
subject was studied in detail at the School of Aviation 
Medicine. Each subject had a thorough medical 
and roentgenographic examination, and routine 
laboratory studies, including, in most instances, blood 
cholesterol, phospholipids and fasting blood sugar 
determinations. Special electrocardiographic pro- 
cedures included the Master exercise test and records 


obtained under orthostatic influences, during breath- 
holding, hyperventilation, oxygen breathing, con- 
trolled positive pressure breathing, carotid sinus mass- 
age and following injection of atropine. Spatial 
vectorcardiograms were obtained using the electri- 
cally balanced bipolar vectorcardiographic reference 
system.®—® 

Another group of seventeen subjects who were 
evaluated at their home base had a majority of the 
aforementioned procedures except vectorcardiog- 
raphy and exercise tolerance tests. In most of the 
electrocardiograms on the remaining sixty-two sub- 
jects the height, weight, blood pressure and age were 
given. 

These data and laboratory studies were tabulated. 
The characteristics of the electrocardiograms, in- 
cluding intervals, mean QRS axis, initial 0.08 second 
QRS axis, terminal 0.04 second QRS axis, mean T 
axis, spatial QRS-T angle, 0.08 second QRS-T angle 
and the presence of R’ waves in the V leads, were 
studied. Thespatial angles were calculated by means 
of a chart.® All special studies were evaluated for 
frequency of possibly significant findings. 


RESULTS 


Age: The frequency of right bundle branch 
block was fairly constant until the age of forty. 
Above this age the incidence was increased. 
This is reflected in comparing a curve of the 
percentage of subjects in the survey in each 
five-year age group with the percentage of 
total number of subjects with right bundle 
branch block in each five-year age group 
(Fig. 1). It is also expressed by a graph of the 
rate per thousand of this abnormality for each 
five-year age group (Fig. 2). The average rate 
per thousand between twenty and forty years of 
age was 1.5 and above forty years of age it was 


* From the Department of Internal Medicine, School of Aviation Medicine, The Aerospace Medical Center, Brooks 


\ir Force Base, San Antonio, Texas. 


JULY 1960 


| 
143 


Johnson, Averill and Lamb 


30-34 35°39 40-44 


AGE 


20-24 25-29 
Fic. 1. The solid line demonstrates the per cent of the 
population surveyed in each five-year age group. The 
broken line depicts the per cent of all subjects with right 
bundle branch block in each five-year age group. Com- 
parison of the curves indicates an increase in the inci- 
dence of right bundle branch block above the age of 
thirty. 
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Fic. 2. The rate per thousand depicts a trend of an in- 
creased incidence of right bundle branch block with 


increased age. 


TABLE I 
Age of 106 Subjects with Right Bundle Branch Block 


hn No. of Subjects 


(yr.) 


20-24 
25-29 
30-34 
35-39 
40-44 
Over 45 


2.9. The number of subjects with right bundle 
branch block in each five-year age group is 
shown in Table 1. 

Height and Weight: These measurements were 
known in 105 subjects. The mean weight was 
170.7 pounds; the mode was 160 pounds, rep- 
resenting the weight of twelve subjects. The 
median weight was 170 pounds. The number 


TABLE 
Weight of 105 Subjects with Right Bundle Branch Block 


Weight No. of Subjects 


135-144 
145-154 
155-164 
165-174 
175-184 
185-194 
195-204 
205-214 
215-224 
Over 225 


TABLE II 
Mean Weight for Each Five-Year Age Group in 105 
Subjects with Right Bundle Branch Block 


Mean Weight 


Age No. in Group (Ib. ) 


(yr.) 


20-24 20 168.5 
25-29 | 16 174 
30-34 21 166 
35-39 43 171.9 
40-44 4 177 


Over 45 | 1 190 


TABLE IV 


Heart Rate in 106 Subjects with Right Bundle 
Branch Block 


Heart Rate 


(per min.) No. of Subjects 


50-54 
55-59 
60-64 
65-69 
70-74 
75-79 
80-84 
85-89 
90-94 
95--99 


OK 


of subjects in each weight group is shown in 
Table un. The mean weight for the subjects 
in each five-year age group is noted in Table 
m. No significant difference in weight as 
related to age was noted in these subjects and 
as a group they presented no evidence of a 
greater frequency of increased body weight 
than other subjects in the survey. Obesity 
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TABLE V 


Blood Pressure in 103 Subjects with Right Bundle 
Branch Block 


Pressure 
(mm. He) | No. of Subjects 
Systolic 
91-100 1 
101-110 14 
111-120 30 
121-130 35 
131-140 21 
141-150 1 
151-160 1 
Diastolic 
51- 60 4 
61— 70 20 
71i- 80 42 
81i- 90 35 
91-100 1 
101-110 1 
TABLE VI 


Serum Cholesterol Values in Fifty-Two Subjects with 
Right Bundle Branch Block 


Cholesterol 
(mg. %) No. of Subjects 
126-150 1 
151-175 1 
176—200 6 
201-225 3 
226-250 10 
251-275 10 
276-300 12 
301-325 4 
326-350 2 
351-375 1 
376-400 1 
401-425 1 


TABLE VII 
Mean Serum Cholesterol Levels for Each Five-Year Age 
Group in Fifty-Two Subjects with Right Bundle 
Branch Block 


Age ‘ Mean Cholesterol 
(yr.) No. in Group (mg. %) 
20-24 3 224 

25-29 6 244 

30-34 12 246 

35-39 29 280 

40-44 | 2 204 


did not seem to increase in the group with right 
bundle branch block. ‘The height ranged from 
65 to 77 inches with a median of 70 inches and a 
mean of 73 inches. The mode for height was 
70 inches, representing the height of twenty- 
seven subjects. 

Heart Rate: The heart rate was determined 
from the electrocardiogram in all subjects. 
The rate varied from 50 to 98 per minute with 
a mean of 72 and a median of 70 beats per 
minute. The distribution of the heart rates 
is seen in Table rv. 

Blood Pressure: The blood pressure was known 
in 103 subjects. The highest blood pressure 
was 156/106 mm. Hg. The lowest systolic 
pressure was noted in a subject whose pressure 
was 100/70 mm. Hg and the lowest diastolic 
pressure was noted in a subject whose pressure 
was 128/58 mm. Hg. 

For the group, the systolic pressure had a 
mean of 123, a median of 122, and a mode 
(twelve subjects) of 120 mm. Hg. The dias- 
tolic pressure was represented by a mean of 
78, a median of 80, and a mode (seventeen sub- 
jects) of 80 mm. Hg. The distribution of blood 
pressure is shown in Table v. 

Cholesterol and Phospholipid Levels: The serum 
cholesterol values were known in fifty-two sub- 
jects. The range was between 130 and 406 
mg. per cent. The mean cholesterol level was 
262 and the median was 265. The mode rep- 
resenting twelve subjects was 276 to 300. 
The cholesterol levels are shown in Table v1. 
The mean cholesterol level for each five-year 
age group is depicted in Table vu. Between 


TABLE Vil 


Serum Phospholipid Values in Forty-One Subjects with 
Right Bundle Branch Block 


Phospholipids 


(mg. %) No. of Subjects 


126-150 
151-175 
176-200 
201-225 
226-250 1 
251-275 
276-300 
301-325 
326-350 
351-375 
376-400 
401-425 
over 425 
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TABLE Ix 
Mean Phospholipid Levels for Each Five-Year Age 
Group in Forty-One Subjects with Right Bundle 
Branch Block 


Mean Phospholipid 
(mg. 7%) 


Age 


(yr.) No. in Group 


20-24 223 
25-29 203 
30-34 277 
35-39 278 
40-44 275 


TABLE xX 


Duration of QRS Complexes in 106 Subjects with Right 
Bundle Branch Block 


QRS Duration | No. of Subjects | Per Cent of Subjects 


TABLE XI 


Presence of R’ Waves in V Leads of 106 Subjects with 
Right Bundle Branch Block 


R’ Present in No. of Subjects 


V; only 
Vi and V2 
Vi to V; 
Vi to Vi, 


TABLE XII 


Q-T Interval in 106 Subjects with Right Bundle 
Branch Block 


Q-T Interval 


(sec.) No. of Subjects 


the ages of thirty-five and thirty-nine years the 
mean cholesterol level was 280, representing an 
increase above the levels noted below the age 
of thirty-five years. The phospholipid level 
varied between 135 and 374 mg. per cent. 
The mean value was 266 and the median 250. 
The mode representing twelve subjects was 
between 226 and 250. The values for the phos- 
pholipid levels are seen in Tables vur and x. 

QRS Complex: The QRS duration was 0.12 
second or greater in all subjects. The longest 
QRS duration in any lead was used for the in- 
terval. A broad S wave in lead 1 and a broad 
terminal R’ wave in lead V; of greater amplitude 
than the initial R wave were present in all. 
The longest QRS interval was 0.16 second, 
noted in ten subjects. The number of sub- 
jects with different QRS durations is noted in 
Table x. The presence of a large R’ wave 
in lead V; but not in leads Vz to Vs was noted 
in seventy-four subjects. The presence of an 
R’ wave in different V leads for the 106 sub- 
jects is given in Table x1. 

Q-T Interval: The Q-T interval varied between 
0.34 and 0.46 second. The frequency of dif- 
ferent Q-T intervals is shown in Table xu. 

T Vector: The axis of the T wave in the frontal 
plane was between —15 and +75 degrees. 
The frequency of different TIT axes is noted 
in Table xm. The T wave was normal in all 
instances. 

QRS Axis: The mean QRS axis was deter- 
mined for all records. This determination is 
limited in accuracy since the diphasic character- 
istic of the QRS complexes in the limb leads 
results in an axis that is nearly indeterminate. 
Since the major alteration of the QRS complex 
in right bundle branch block frequently ap- 
peared to be restricted to the terminal portion 


TABLE 


T Axis in the Frontal Plane in 106 Subjects with Right 
Bundle Branch Block 


Axis 


(degrees) No. of Subjects 


—15 

0 
+15 
+30 
+45 
+60 
+75 
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0.12 | 14 13.2 
0.13 | 25 | 23.6 
0.14 | 41 | 38.7 
0.15 | 16 | 15.1 
0.16 | 10 | 9.4 
74 
24 
| 6 
2 
| 
36 | 8 | 
4 
38 | 11 
39 11 
.40 29 2 
41 13 13 
42 9 38 
43 6 19 
44 | 7 27 
.45 | 2 5 
.46 | 1 2 
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of the QRS complex, the initial 0.08 second 
QRS axis was determined. The latter was 
more often within the limits of normal. The 
difference between the mean QRS axis and the 
initial 0.08 second QRS axis is seen in Table xiv. 

QRS-T Angle: The spatial angle between the 
mean QRS and T vectors was over 60 degrees 
in seventy-three subjects. The angle between 
the initial 0.08 second QRS vector and the 
T vector was greater than 60 degrees in thirty- 
two subjects. The spatial QRS-T angles are 
noted in Table xv. The widening of the spatial 
QRS-T angle in all instances was dependent 
upon QRS changes, since the T vector was 
normal in all subjects. 

QRS Amplitude: The QRS amplitude was 
measured by two methods, the sum of leads 
1, aVF and V2 and the sum of leads 1 and aVF. 
The former method provides a sum of amplitudes 
along X, Y and Z coordinates and the latter 
provides a value for the frontal plane only. 
The range of amplitude is given in Table xvi. 
Amplitude in right bundle branch block did not 
appear to be significantly different from the 
values in the normal population. 


‘TABLE XIV 


QRS Axis in the Frontal Plane in 106 Subjects with 
Right Bundle Branch Block 


TABLE XV 
Spatial Angles in 106 Subjects with Right Bundle 
Branch Block 
No. of Subjects 
Angle 
(degrees) Angle Between | Angle Between Initial 
Mean QRS Vector | 0.08 sec. QRS Vector 
and the T Vector | and Mean T Vector 
0—- 10 0 6 
11— 20 9 12 
21— 30 4 17 
31— 40 4 7 
41— 50 5 20 
51— 60 11 12 
61— 70 4 7 
71-— 80 10 6 
81- 90 13 11 
91-100 4 1 
101-110 7 4 
111-120 11 1 
121-130 3 0 
131-140 7 2 
141-150 7 0 
151-160 4 0 
161-170 2 0 
171-180 1 0 
TABLE XVI 


QRS Amplitude in 104 Subjects with Right Bundle 
Branch Block 


No. of Subjects 
Axis 
(degrees) 


Initial 0.08 sec. 
QRS Axis 


Mean 
QRS Axis 


— 


uw 
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No. of Subjects with 

Amplitude in Leads: 
Amplitude 

(mv.) 
‘ 1 plus aVF 

0.7, 0.8 0 3 
0.9,1.0 0 2 
1.1, 1.2 1 8 
1.3,1.4 1 13 
1.5, 1.6 0 21 
2 18 
1.9, 2.0 6 14 
2.1, 2.2 9 10 
2.3, 2.4 9 11 
2.5, 2.6 18 1 
2.7, 2.8 13 2 
2.9, 3.0 5 1 
3.1, 3.2 9 0 
3.3, 3.4 8 0 
3.5, 3.6 9 0 
ye 5 0 
3.9, 4.0 2 0 
4.1,4.2 2 0 
4.3, 4.4 3 0 
4.5, 4.6 0 0 
4.7, 4.8 1 0 
4.9, 5.0 0 0 
§.1,5.2 1 0 


JULY 1960 


+ 
+ 
+ 
+ 


148 Johnson, Averill and Lamb 


TABLE XVII 


Double Master Exercise Tests in Twenty-Seven Subjects 
with Right Bundle Branch Block 


Interpretation of Test No. of Subjects 


Normal 25 
Borderline 0 
Abnormal 2 


Double Master Exercise Test: Since most of the 
subjects in the group did not appear to have 
heart disease, an excellent opportunity was pres- 
ent to evaluate the electrocardiographic re- 
sponse to exercise in uncomplicated right bundle 
branch block. This procedure was not car- 
ried out for diagnostic purposes since the pres- 
ence of an abnormal resting tracing does not 
permit electrocardiographic interpretation after 
exercise. Of twenty-seven subjects tested 
only two had an apparent positive response; 
the rest had no significant changes in the S-T seg- 
ment (Table xvi1). To make an interpretation of 
a positive test it was required that the S-T seg- 
ment be depressed in a plateau fashion 1 mm. 
or more in any lead for two minutes after 
completing standardized exercise. 

Associated Clinical Findings: Complete clinical 
evaluations were available in forty-four sub- 
jects. Of these five subjects had a past history 
of scarlet fever, one of rheumatic fever and two 
of diphtheria. Only one admitted having a 
previous episode of syncope. Apical systolic 
murmurs thought to be physiologic and of 
grade 1 or 2 intensity were noted in five sub- 
jects. A physiologic systolic murmur at the 
base was noted in another. One subject had 
evidence of an atrial septal defect with right 
heart enlargement, prominent pulmonary artery 
and a grade 3 systolic ejection murmur at the 
base of the heart. In two subjects labile 
elevated blood pressure was found and they were 
classified as vascular hyperreactors. One sub- 
ject had gout and another had bronchitis. First 
degree A-V block was an associated feature in 
one subject. The remainder of the clinical 
findings were unremarkable. 


COMMENTS 


Medical opinion concerning the significance 
of right bundle branch block has changed mark- 
edly since this abnormality was first recognized. 
Eppinger and Rothberger referred to what is 
now Called left bundle branch block as the com- 


mon type of bundle branch block. Right 
bundle branch block was considered uncommon. 
Previous medical literature on bundle branch 
block is well summarized by Rosenman, Pick 
and Katz! as well as by Yater." Graybiel 
and Sprague” reported that the average dura- 
tion of life in 223 fatal cases was one year and 
two months. It was their opinion that bundle 
branch block was invariably a manifestation of 
serious organic heart disease and that partial 
bundle branch block was equally significant. 

In subsequent studies!*" conclusions con- 
cerning prognosis were derived from a pre- 
selected population coming to a medical facil- 
ity with severe heart disease and in no way 
reflected prognosis in right bundle branch block 
in the asymptomatic population. Several 
authors!*"!8 have reported cases of right bundle 
branch block without evidence of heart disease. 

Our series indicates that below the age of 
forty, right bundle branch block occurs 1.5 
times in 1,000 persons and that it is eight times 
as frequent as left bundle branch block. There 
appears to be a definite increase in incidence 
past the age of forty in the male population. 
Even though the numbers are small, they are 
undoubtedly significant since most subjects 
found to have right bundle branch block at 
the age of forty were removed from flying at the 
time of previous annual physical examination 
for that age group. ‘Thus, the age group over 
forty years was preselected in the sense that 
many subjects with questionable findings had 
been removed from the flying population. 
The most significant finding, however, was the 
fairly consistent incidence of right bundle branch 
block below the age of forty for all age groups. 

Neither height, weight nor obesity seemed to 
be a major factor in the frequency of complete 
right bundle branch block. Blood cholesterol 
and phospholipid values were not significantly 
different from values frequently noted in a 
similar population of American men without 
clinical evidence of heart disease. Elevated 
blood pressure was infrequent, as would be 
expected in such a selected population. 

The incidence of associated clinical findings 
was unremarkable. The single case of atrial 
septal defect indicates a low incidence of as- 
sociated congenital abnormalities. 

It was of interest to note that the T waves 
were normal in all subjects. This suggests that 
the T waves do not change in the presence of 
uncomplicated right bundle branch _ block. 
Significant alteration of T waves in right buncle 
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Fic. 3. Complete right bundle branch block with no R’ wave in lead V». 


branch block should have the same significance 
as those occurring in subjects with normal QRS 
complexes. 

The frequent normality of the initial 0.08 
second interval of the QRS complex implies that 
the initial events of ventricular excitation are 
not significantly altered. Comments on this 
point in the presence of intermittent right 
bundle branch block may be found in a previous 
report. 

The terminal vector in the presence of com- 
plete right bundle branch block is primarily 
directed to the right and very frequently ~ true 
anterior orientation of the vector does not exist 
(Fig. 3). This is evidenced by the frequency of 
an R’ wave in lead V; and the absence of a 
significant R’ wave in lead V2. Lead V; is 
influenced by forces which are directed to the 
right whether or not they are anterior in orienta- 
tion. The points mentioned suggest that com- 
plete right bundle branch block is not associated 
with significant alteration in the order of 
excitation across the main portion of the ven- 
tricular septum. It is possible that the ab- 
normality in conduction involves areas of muscle 
chiefly at the base of the septum or the base of 
the heart. It is well known that these particular 
areas are usually poorly supplied by Purkinje 
fibers of the specialized conducting system. 
The base of the heart is the last portion of the 
ventricular muscle mass to complete excitation 
and, therefore, remains in a relatively re- 
fractory period longer than other muscular 
regions. Conduction through any muscular 
area which is in the relative refractory phrase 
is slowed, as commonly seen in aberrant con- 
duction in premature contractions. In addi- 
tion, the relatively poor distribution of special- 
ized conductive tissue in the base of the heart 
and base of the septum makes it more likely that 
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a conduction defect in this area would be man- 
ifested in subjects without overt heart disease 
in contradistinction to conduction defects in 
other regions of the heart muscle as seen, for 
example, in left bundle branch block. 

The exercise tolerance tests carried out in this 
survey were performed primarily for collection 
of data. None was interpreted on a clinical 
basis. Nevertheless, it is interesting that only 
two subjects showed significant S-T segment de- 
pression of 1 mm. or more for two minutes after 
exercise. The apparent normality of the S-T 
segment in the majority of the subjects gives 
some hope that the exercise tolerance test might 
be of diagnostic value even in the presence of 
complete right bundle branch block. Follow- 
up evaluation of the subjects in this study should 
provide an answer to this point. 

Incomplete Right Bundle Branch Block: One of 
the interesting features resulting from this survey 
was the documentation of the origin of incom- 
plete right bundle branch block. Since elec- 
trocardiograms in this survey were recorded 
by a variety of technicians throughout the world 
and frequently interpreted at base level by 
physicians trained at numerous different medical 
centers, a cross section of the usual interpreta- 
tions given was obtained. The most common 
cause for incomplete right bundle branch block 
was an incorrectly taken electrocardiogram. 
Electrodes are frequently placed in the third in- 
tercostal space on the chest rather than the fourth 
for recording of leads V; and V2. In many sub- 
jects demonstrating a terminal vector force 
directed upward toward the right shoulder, if 
the electrode is placed too high on the chest, 
an R’ wave will be recorded in the V leads 
(Fig. 4). This is simply explained by a posi- 
tive force being directed toward a positive pole. 
When the precordial electrodes are properly 
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THIRD INTERSPACE 


FOURTH INTERSPACE 


Fic. 4. The routine electrocardiogram (upper) demonstrates an S,S.S; pattern 
with a small r’ wave in lead V; and no r’ wave in lead V2. When the electrodes 
are placed above their proper position R’ waves and change in P wave con- 


figuration are noted. 


placed in the fourth intercostal space they are 
relatively perpendicular to forces directed up- 
ward toward the right shoulder that are prin- 
cipally confined to the frontal plane. Such 
recordings do not demonstrate the presence of 
significant R’ waves in lead V;. Failure to 
appreciate this as a common cause for an R’ 
wave in lead V; causes erroneous interpretation 
and suggests that the statistics concerning the 
significance of incomplete right bundle branch 
block deserve critical analysis. 

Even when the electrode is placed in the 
proper interspace there are some persons with 
a relatively long thorax in whom the relationship 
of the heart to the precordial electrodes is dis- 
torted. Then the heart is below the usual level 
of the precordial electrodes, and forces which 
are directed upward result in positive waves. 
During inspiration the diaphragm descends and 
the heart moves below its usual anatomic posi- 
tion. In these circumstances a terminal force 
directed toward the right shoulder commonly 
produces an R’ wave at the lead Vi position 
(Fig. 5). Precordial maps have proved to be 
of definite value in evaluating questionable 
electrocardiograms and careful scrutiny of the 
roentgenogram of the chest to ascertain the 


cardiac position in relationship to the inter- 
costal spaces is of value in differentiating elec- 
trical artifact from a true conduction defect. 


Vectorcardiograms: ‘These were recorded in 
twenty-seven subjects. In each instance the con- 
figuration of the QRS complex in the electro- 
cardiogram could be correlated with the char- 
acteristics of the QRS loop. The principal 
feature of the vectorcardiogram was the slow 
terminal portion of the QRS loop, directed 
to the right. Frequently, the initial 0.08 
second portion was entirely normal; _ in 
other instances the entire QRS loop dem- 
onstrated a change in orientation of the 
electrical field (Figs. 6 and 7). The vectorcar- 
diogram did not provide any information that 
could not be gained from the twelve-lead elec- 
trocardiogram. ‘This does not imply that the 
vectorcardiogram is not useful, merely that the 
customary parameters of the vectorcardiogram 
studied at the present time were not of addi- 
tional value in these cases. Analyses based on 
the length of the spatial QRS loop and similar 
data are meaningless until adequate normal sub- 
jects have been studied for comparison. 

The demonstration of relatively normal in- 
itial QRS loops in the _ vectorcardiograms 
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V4: THIRD INTERSPACE 
Fic. 5. A routine electrocardiogram demonstrates an 


S,S.S; pattern. Either inspiration or placing the elec- 
trodes too high creates a prominent R’ wave. 


Fic. 6. Vectorcardiogram in complete right bundle 
branch block demonstrating terminal slowing of the 
QRS loop. In this example the loop is displaced upward. 
The frontal (upper left), sagittal (upper right) and trans- 
verse (lower) planes are shown. 


strongly suggests that in many cases of com- 
plete right bundle branch block the initial 
events of ventricular excitation are not altered. 

In the presence of apparent right bundle 
ranch block due to unusual relation of the 
recordial electrode to the heart (misplace- 
nent or body configuration), the vectorcardio- 
ram was normal or merely demonstrated the 
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Fic. 7. Vectorcardiogram in right bundle branch block 
demonstrating deformity of the entire QRS loop. The 
frontal (upper left), sagittal (upper right) and transverse 
(lower) planes are shown. The right set was recorded at 
increased sensitivity. 


features of an S,S2S; type of ventricular ex- 
citation, without a significant anterior com- 
ponent. 


SUMMARY 


Complete right bundle branch block was 
noted in 106 subjects in a survey of 67,375 
apparently healthy men. The rate _ per 
thousand below the age of forty was 1.5 con- 
trasted to a rate of 2.9 per thousand past the age 
of forty. 

Complete right bundle branch block could 
not be correlated with an increase in clinical 
factors thought to be associated with an in- 
creased incidence of coronary artery disease. 
The body weight, blood cholesterol and phos- 
polipid levels and blood pressure were similar 
in the normal group as compared to the sub- 
jects with complete right bundle branch block. 

The initial 0.08 second QRS vector was more 
often normally oriented even in the presence of 
complete right bundle branch block, suggesting 
that the initial events of ventricular excitation 
are relatively unaltered in the presence of un- 
complicated right bundle branch block. 

The T waves were normal in all, suggesting 
that the presence of right bundle branch block 
does not significantly alter the order of ven- 
tricular recovery. 

S-T segment changes were noted infrequently 
after a double Master exercise test. The signifi- 
cance of these findings should be evaluated in 
terms of anticipated long term follow-up 
studies. 
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In contradistinction to left bundle branch 
block, right bundle branch block is frequently 
seen in apparently healthy persons and unless 
other evidence of heart disease is present or 
the subject is in the older age group with a 
previously normal electrocardiogram it should 
not be accepted as diagnostic evidence of sig- 
nificant underlying heart disease. 
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Electrocardiographic Findings in 67,375 


Asymptomatic Subjects 


VII. 


Atrioventricular Block* 


May. Rospert L. JoHNson, Mc, usAF, Capt. KerrnH H. AVERILL, MC, USAF and 
LAWRENCE E. Lams, M.D., F.A.C.C. 


San Antonio, Texas 


a of the electrocardiograms of 67,375 
apparently healthy male fliers revealed 
350 cases of first degree A-V block, one case of 
second degree A-V block with Wenckebach 
phenomenon and one case of complete A-V 
block. This large number of subjects with 
A-V block was identified in a population which 
was unusual both in its magnitude and its 
apparent freedom from disease. Previous re- 
ports of A-V block in healthy persons!~* have 
usually involved much smaller groups. On the 
other hand, most large series of patients with 
A-V block reported on in the literature have 
come from hospital and clinic populations which 
include a high proportion with cardiovascular 
and other organic disease.‘~’ The large num- 
ber of cases of A-V block identified in the present 
study provided a unique source of information 
concerning this conduction abnormality in a 
healthy population. This report will present 
certain data and observations concerning A-V 
block arising from this survey. 


MATERIAL AND METHODS 


The electrocardiograms of the 67,375 subjects in 
this study were recorded routinely to fulfill require- 
ments for flying. These records, obtained from 
asymptomatic, apparently healthy men, were those 
received by the U. S. Air Force Electrocardiographic 
Repository during its first eighteen months of existence 
and represent the first large group of tracings set 
aside for detailed analysis. A complete description of 
the survey is reported elsewhere. It should be 
stressed that the population comprising this survey 
was a highly select one whose health and physical 
standards were probably higher than would be found 
in healthy groups of similar age in the general 
population. 


The routine electrocardiograms were first scanned 
for significant abnormalities. Those showing P-R 
intervals of greater than 0.20 second, regardless of 
heart rate, were arbitrarily classified as examples of 
first degree A-V block. Although the P-R interval 
in the precordial leads, usually those over the left 
precordium, of a few records appeared slightly 
longer than in the limb leads, only the bipolar or 
augmented unipolar limb leads were used for this 
measurement. Occasionally, limb lead 1 or aVF 
seemed most suitable, but in most records limb lead 
11 showed most clearly the onset of the P wave and 
frequently the longest P-R interval. Occasionally, 
the initial portion of the QRS interval was isoelectric 
in lead n, producing apparent lengthening of the P-R 
interval. In such instances the difference between 
the longest P-S interval and the longest QRS values 
in the limb leads was used to determine the true P-R 
interval, as suggested by White and associates.® 

Clinical Data: Data concerning the subject’s age, 
weight, height, blood pressure and race, which in 
nearly every case accompanied the electrocardi- 
ogram, were tabulated. The records were individu- 
ally analyzed for duration, amplitude and vector 
axis of the P wave, and inspected for the occurrence 
of unusual features and abnormalities other than the 
A-V conduction defect. 

In addition, 139 of the 350 subjects with first degree 
A-V block were evaluated clinically. Medical per- 
sonnel at the subject’s home base examined 118 sub- 
jects. The remaining twenty-one, and two others 
with higher degrees of A-V block, were seen at the 
Schcol of Aviation Medicine where the evaluation 
consisted of a complete history and physical examina- 
tion, complete hemogram and urinalysis, a twelve- 
lead electrocardiogram and double Master exercise 
test taken in the fasting state, x-ray films of the chest 
in posteroanterior and lateral projections, fasting 
blood sugar, cholesterol and phospholipid determina- 
tions, and special electrocardiographic studies. 


* From the Department of Internal Medicine, School of Aviation Medicine, The Aerospace Medical Center, Brooks 


Ain Force Base, San Antonio, Texas. 
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Fic. 1. Incidence of first degree A-V block. The solid 
line indicates the number of subjects in each five-year 
age group as percentage of the 67,375 subjects surveyed. 
The broken line shows the number of subjects with first 
degree A-V block in each five-year age group as per- 
centage of 350 found in the survey. 
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Other procedures, such as glucose tolerance test, 
glucose tolerance electrocardiogram, vectorcardi- 
ography, bacteriologic cultures, determination of anti- 
streptolysin titer, transaminase levels, fluoroscopy and 
additional roentgenologic studies and tests to evaluate 
physical capacity, were carried out when specifically 
indicated. 

The special electrocardiographic studies were directed 
to determination of the effect on the cardiac me- 
chanism of orthostatic stresses, various breathing 
maneuvers, carotid sinus massage, breathing 100 per 
cent oxygen both at atmospheric and at positive 
pressure, and of atropine given intravenously. 
Records were made during periods of maximum 
breath-holding, and hyperventilation immediately 
followed by breath-holding, with the subject supine 
and later while standing. Carotid sinus massage for 
fifteen seconds while sitting was performed first on 
the right side and three minutes later on the left side. 
Positive pressure breathing at 11.2 mm. Hg was 
accomplished using a pressure-demand mask and 
regulator at a setting of 43,000 feet. A continuous 
four-lead electrocardiogram recording leads 1, m and 
m and usually V2 or V; was made prior to each 
maneuver, throughout its performance, and for an 
appropriate period after completion of the maneuver. 
After recording the reactions to these stress pro- 
cedures, a continuous tracing was made during 
and for three minutes after 1.2 mg. atropine sulfate 
was injected intravenously. Thereafter, tracings 
were taken at one-minute intervals for ten minutes. 

Studies similar to these were carried out at the 
base medical facility of the other 118 subjects with 
first degree A-V block. Blood phospholipid studies 
were not performed in most of these subjects and the 
special electrocardiographic studies were less ex- 
tensive. The latter included, however, double Master 
exercise tolerance tests in 112, electrocardiograms 
while standing in 106, and after administration of 
atropine (1.2 mg. intravenously) in seventy-three. 
In a few the effect of respiratory maneuvers and caro- 


N 


RATE / THOUSAND (%) 
| 
] 


0 
«20 20-24 25-29 


30-34 35-39 
AGE 


Fic. 2. Incidence of first degree A-V block by five-year 
age groups expressed as rate per thousand. 
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tid sinus massage was also recorded electrocardio- 
graphically. 


RESULTS 


FIRST DEGREE A-V BLOCK 


Age: In the majority of cases, the first 
knowledge of A-V block was obtained from the 
record taken for the repository. At this time 
the ages of the subjects ranged from seventeen 
to fifty-four years. The incidence of first 
degree A-V block in the total surveyed popula- 
tion was 5.2 per thousand and it did not appear 
to change significantly in the: different age 
groups (Figs. 1 and 2). The slight differences 
in incidence among the various five-year age 
groups are not statistically significant. The 
actual number of subjects with first degree 
A-V block in each five-year age group appears 
in Table 1. 

Race: Seven of the 350 subjects were Negroes 
whose ages ranged from twenty-one to twenty- 
six years. Calculated on the basis of the total 
Negro population of 409 in the 67,375 subjects 
surveyed, this represents an incidence of first 
degree A-V block in Negroes of 17.1 per thou- 
sand. 


TABLE I 
Age of 350 Subjects with First Degree A-V Block 


Age No. of 

(yr.) Subjects 
Less than 20 7 
20-24 109 
25-29 7 
30-34 48 
35-39 82 
40-44 30 
Over 44 2 
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TABLE I 
Weight of 345 Subjects with First Degree A-V Block 
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TABLE II 
Heart Rate in 350 Subjects with First Degree A-V Block 


Weight No. of Heart Rate No. of 
(Ib. ) Subjects (per min.) Subjects 
110-119 1 30-39 1 
120-129 2 40-49 14 
130-139 | 12 50-59 84 
140-149 37 60-69 120 
150-159 | 53 70-79 85 
160-169 67 80-89 30 
170-179 60 90-99 11 
180-189 59 100-109 4 
190-199 21 110-119 1 
200-209 20 
210-219 9 
220-229 2 
230-239 1 tions accompanied the _ electrocardiographic 
240-249 1 records of 341 subjects. Mean blood pressure 


Height and Weight: The weight of 345 and 
height of 344 subjects with first degree A-V 
block were known. The weight range is ex- 
pressed in Table 11 which indicates the actual 
number of subjects in each ten-pound weight 
group. The median weight was 170 pounds 
with half of the subjects weighing between 
156 and 184 pounds. 

Height ranged from 64'/2 to 77 inches with 
the median falling at 71 inches. Half the group 
was between 69'/4 and 72!/¢ inches tall. The 
height and weight of these subjects did not differ 
from the total population surveyed. 

Heart Rate: WHeart rate, determined from 
the standard twelve-lead electrocardiograms of 
350 subjects with first degree A-V block, ranged 
from 36 to 118 per minute. The median rate 
was 66; half the group had heart rates between 
58 and 75 per minute. In only one subject 
was the heart rate above 110 per minute and in 
only one was it below 40 per minute (Table 
11). The distribution of the various heart rates 
was quite similar to that found in a random 
sampling of normal subjects from the entire 
population surveyed. 

Sinus arrhythmia, often of pronounced degree, 
was prominent in a large number of the records 
showing A-V block. The heart rate in individ- 
ual records varied more than 10 per cent in 
255 of the 350 records, but the relatively short 
racing mounted in each of the twelve leads 
frequently made it impossible to ascertain that 
hese variations were always due to sinus ar- 
rhythmia. 

Blood Pressure: Blood pressure determina- 
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in these subjects was 120/74 mm. Hg. One 
subject, known to have vascular hypertension, 
had a blood pressure of 180/100 mm. Hg. There 
were four whose systolic pressure was between 
135 and 150 mm. Hg while all others had systolic 
pressures below 135 mm. Hg. The diastolic 
pressure of one other subject was recorded as 
110 mm. Hg. Five others had diastolic values 
ranging from 90 to 100 mm. Hg. Except 
for these, systolic and diastolic pressure was 
below 135 and 90 mm. Hg, respectively, in 
all instances. 

P-R Interval: The P-R interval in the 350 
subjects with first degree A-V block ranged 
from 0.21 to 0.39 second. Table 1v shows 
durations of the P-R intervals observed and the 
number of subjects showing each of these values. 


TABLE IV 


Duration of P-R Interval in 350 Subjects with First 
Degree A-V Block 


P-R 
Interval No. of 
(sec.) Subjects 
0.21 35 
0.22 85 
0.23 70 
0.24 90 
0.25 14 
0.26 18 
0.27 4 
0.28 19 
0.29 2 
0.30 3 
0.32 4 
0.36 4 
0.39 2 
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TABLE V 
P-R Interval for Each Five-Year Age Group in 350 Subjects with First Degree A-V Block 


No. of Subjects in Each Five-Year Age Group (yr.) 


P-R 


Interval | | 
25-29 | 30-34 


(sec. ) 


40-44 


| 


35-39 
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Table v depicts the same information tabulated 
according to five-year age groups.. Except 
for a possible tendency for P-R values of 0.20 
second or greater to occur more often in the 
younger age groups, no relation between age 
and the duration of P-R interval was evident. 
Similarly, the duration of the P-R_ interval 
seemed to be unrelated to the heart rate (Table 
v1). There was no apparent tendency for the 
longest P-R intervals to occur in association with 
the slowest heart rates. 

In records with marked sinus arrhythmia 
there was no consistent relation between the 
length of the P-R and R-R intervals. In 


most subjects with first degree A-V block and 
sinus arrhythmia, the P-R interval showed no 
appreciable change with fluctuations in heart 
rate. In others the P-R interval increased 
slightly as heart rate slowed. Approximately 
the same number of subjects showed slight 
decrease in the duration of the P-R interval 
during the slow phase of sinus arrhythmia. 

P Wave: Duration of the P wave was de- 
termined in the lead used for measurement of 
the P-R interval, usually limb lead u. As shown 
in Table vu, duration of the P wave ranged 
from 0.07 to 0.16 second, with most records 
having values of from 0.10 to 0.12 second; 


TABLE VI 
Heart Rate and P-R Interval in 350 Subjects with First Degree A-V Block 


P-R 


No. of Subjects and Heart Rates 


Interval 


(sec. ) 30-39 40-49 50-59 


60-69 


70-79 80-89 90-99 | 100-109 | 110-119 


1 
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156 
| | 
O Total 
ver | 
| 45 | 
0.21 9 35 
0.22 | 19 1 85 
0.23 12 70 
0.24 16 1 90 
0.25 5 14 
0.26 4 18 
0.27 0 4 
0.28 3 19 
0.29 0 2 
0.30 0 3 
0.32 3 4 
0.36 1 4 
0.39 0 2 
21 10 9 2 2 3 
22 2 19 32 21 8 2 1 ape 
23 4 17 5 2 Sad 
24 1 6 21 26 24 11 1 a: 
25 1 4 5 2 1 1 > 
26 6 3 1 
28 1 4 7 3 1 3 = 
29 1 1 
30 4 1 
32 1 2 1 
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TABLE VII 


Duration of P Wave in 350 Subjects with First Degree 
A-V Block 


P Wave 
Duration 
(sec. ) 


the mode was 0.11 second. Although slightly 
higher than the average value usually given for 
P wave duration, the subjects with first degree 
A-V block did not differ appreciably with 
respect to P wave duration from others in the 
surveyed population of 67,375 subjects. The 
P wave exceeded 0.12 second in duration in 
twenty-one records. The subject whose P 
wave measured 0.16 second had a P-R interval 
measuring 0.22 second and therefore did not 
demonstrate true A-V block despite prolonga- 
tion of the P-R interval. The same question 
might arise in one subject whose P wave meas- 
ured 0.14 second and who had a P-R interval 
of 0.23 second, and in perhaps some of those 
whose P wave duration was 0.13 second. Of 
the sixteen subjects having the latter value for 
P wave duration, there were two with P-R 
intervals of 0.21 second, three with 0.22 second, 
three with 0.24 second and one with 0.25 second. 
Others whose P wave duration exceeded 0.12 
second showed P-R intervals of 0.26 second or 
greater. In the ninety-five records with P 
wave duration of 0.12 second, the P-R interval 
was 0.21 in nine, 0.22 in twenty, 0.23 in eighteen 
and 0.24 second or more in the remaining 
records. 

The amplitude of the P wave was within normal 
limits in allinstances. In two records the ampli- 
tude was 0.25 mv. but in all others the amplitude 
was less, as shown in Table vm. In a few 
records slight irregularity or notching of the 
P wave was apparent. In no instance was this 
-haracteristic sufficiently pronounced to arouse 
suspicion of abnormality. 

The mean P vector axis in the frontal plane was 
(ound to lie between +15 and +75 degrees in 
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TABLE VII 


Amplitude of P Wave in 350 Subjects with First Degree 
A-V Block 


No. of 
Subjects 


Amplitude 
(mv.) 


343 subjects, at zero degrees in three, and at 
— 30 degrees in one (Table 1x). Four subjects 
with atrial rhythm had P waves whose vector 
axes were at —45 and —75 degrees, with nega- 
tive deflections therefore appearing in all 
limb leads except 1 and aVL. P-R intervals 
in these four records were 0.23 second or longer 
in duration. In one of these four, this lower 
pacemaker alternated rhythmically with a 
normal sinus pacemaker, the latter appearing 
only during the slightly faster heart rate asso- 
ciated with inspiration. Here the P-R interval 
following the sinus P wave was of normal dura- 
tion while that following the lower pacemaker 
was prolonged to 0.23 second. 

Other Electrocardiographic Findings: One sub- 
ject, aged forty-four, had complete right bundle 
branch block with prolongation of the QRS 
complex to 0.12 second and of the P-R interval 
to 0.24 second. These intervals had remained 
unchanged since discovery when the subject was 
forty years old. Delay in intraventricular con- 
duction with QRS duration not exceeding 0.12 
second was present in six records. Two of the 
latter contained R’ waves in precordial lead 
V, and were categorized as delay in conduction 


TABLE Ix 


P Vector Axis in Frontal Plane in 350 Subjects with First 
Degree A-V Block 


Axis 
(degrees ) 


—75 
—45 
—30 

0 
+15 
+30 
+45 
+60 
+75 


| 
= 
Subjects 
0.07 1 0.10 172 
0.08 7 0.15 | 50 
0.09 18 0.20 10 
0.10 101 0.25 | 2 
0.12 95 
0.13 16 
0.14 3 
0.15 1 
0.16 1 
No. of 
Subjects 
1 
3 
1 
3 
14 
36 
113 
84 
95 
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B 


Routine electrocardiograms. A, initial tracing 
(lead aVF missing). B, tracing taken nineteen months 
later at time of clinical evaluation. Both show inverted 
P waves in lead Vj, failure of progression of R in leads 
V, through V;, and prolonged A-V conduction (P-R 
interval = 0.24 to 0.26 second). The later tracing also 
shows complete left bundle branch block. 


Fic. 3. 


over the right ventricle. Eleven records showed 
an S,S.S; pattern with R’ waves in precordial 
lead V;. The mean QRS vector axis was 
+135 degrees in one of these. In all other 
records the QRS and T vectors were directed 
normally. Two records showed flattening of 
T waves, non-specific in type, which were not 
considered definitely indicative of disease. 

Presence of Disease: At the time of clinical 
evaluation of the 139 subjects examined, usually 
from four to sixteen months after the initial 
repository records had been taken, only five of 
the 139 subjects, all thirty-six years of age or 
older, showed symptoms or signs indicating 
organic disease. 


1. One was a fifty-two year old officer who for 
several years had been known to have mild hyper- 


tension and first degree A-V block. The A-V block 
was persistent with the P-R interval measuring 0.24 
second. Although diastolic blood pressure was always 
approximately 100 mm. Hg, he had remained 
asymptomatic and was otherwise free of demon- 
strable hypertensive complications. 

2. A thirty-eight year old pilot related recurring 
discomfort in the chest of several weeks’ duration. 
This discomfort was not typical of angina nor were 
there changes in his electrocardiogram suggesting 
coronary artery disease. The occurrence of a myo- 
cardial infarction could not be substantiated, but it 
was believed that coronary artery disease was re- 
sponsible for the pain in the chest. The first degree 
A-V block in the repository tracing taken eighteen 
months earlier was still present. 

3. A third pilot, aged thirty-six, exhibited com- 
plete left bundle branch block in the electrocardi- 
ogram taken during his evaluation. His repository 
record, taken eighteen months earlier, had shown 
first degree A-V block with a P-R interval of 0.25 
second and a normal QRS duration. In both trac- 
ings (Figs. 3A and B) there was failure of progression 
of R waves in precordial leads V; through V3. The 
P waves were inverted in leads V; and Vs, indicating 
that the electrodes were high in relation to the usual 
position of the heart. He was asthenic in stature; 
6 feet tall and weighed 143 pounds. The question 
may be raised as to whether or not asymptomatic 
anterior infarction prior to the first tracing might be 
responsible for the abnormal appearance of the QRS 
complexes in the right chest leads. The inverted P 
waves and possible misplacement of electrodes com- 
plicate the interpretation. He was asymptomatic 
in the interval between the two records. His past 
history was one of excellent health. Neither the 
physical examination, laboratory determinations nor 
special electrocardiographic studies revealed other 
evidence of disease, the electrocardiographic findings 
of A-V block, left bundle branch block and the 
failure of R wave progression in the right chest lead 
constituting the sole abnormalities. Despite lack of 
other evidence, the most likely explanation for the 
appearance of left bundle branch block during the 
eighteen-month interval was the presence of signifi- 
cant and progressive coronary artery disease with the 
added possibility of a remote asymptomatic antero- 
lateral septal infarction. 

4. Definite organic disease not primarily of a 
cardiovascular nature developed in two other sub- 
jects. One of these, a thirty-nine year old man with 
a history of acute hepatitis fifteen years earlier, began 
to experience symptoms typical of diabetes mellitus 
about one year after his baseline repository electro- 
cardiogram had been taken. Diagnosis of the diabetic 
state was confirmed and insulin therapy was insti- 
tuted. After the first month, dietary measures alone 
were sufficient for control. At the time of evaluation 
for first degree A-V block his electrocardiogram was 
unchanged, showing no abnormality other than the 
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prolongation of the P-R interval to 0.24. second. The 
only objective evidence of diabetes mellitus at this 
time, one year after the onset of symptoms, was a 
diabetic curve in the glucose tolerance test. In this 
case, the age of the subject and presence of diabetes 
favored the view that arteriosclerotic heart disease 
was responsible for the prolonged A-V conduction 
time. 

5. The fifth person found to have organic disease 
at the time of evaluation for first degree A-V block 
was a forty-one year old pilot who experienced 
hematemesis from an unsuspected and relatively 
asymptomatic duodenal ulcer. This episode oc- 
curred about one year after the recording of the elec- 
trocardiogram which showed prolongation of the 
P-R interval to 0.23 second. His resting electro- 
cardiogram, taken two months after hospitalization 
for hematemesis, was unchanged. At this time, 
tracings taken immediately after standing and after 
a double Master exercise test showed A-V dis- 
sociation. 


Historical Data: Beside the symptomatology 
already noted in those with definite disease, 
the remaining subjects with first degree A-V 
block were free of symptoms. When present, 
symptoms were vague and non-specific and did 
not interfere with flying duties or strenuous 
physical activity. The subject with right bt ndle 
branch block and prolonged A-V conduction 
was asymptomatic and without evidence of 
disease except for the abnormal electrocardio- 
gram. 

The past histories were not unusual or partic- 
ularly different from those which might be 
seen in any similar group. Two subjects gave 
a history of acute rheumatic fever with joint 
manifestations during early childhood. An- 
other was told that he had chorea in childhood. 
One had a history at age twenty-seven of a 
rheumatic type of illness, thought to be rheuma- 
toid arthritis, which lasted several weeks and 
occurred about one year before recording of his 
repository electrocardiogram. However, an 
electrocardiogram taken several years earlier 
had also shown first degree A-V block. 

There was a past history of diphtheria in 
three, scarlet fever in fourteen, pneumonia in 
seven and pleurisy in three others. Mumps 
had occurred in sixty-seven and in two had been 
complicated by orchitis and pancreatitis, al- 
though apparently not by myocarditis or peri- 
arditis. ‘Two had illnesses in early adulthood 
uggestive of pericarditis. There was a history 
of acute hepatitis and/or jaundice in three, 
illnesses within the past two years diagnosed as 
infectious mononucleosis in two and malaria 
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in three. Thoracic surgery had been performed 
in one subject for pulmonary tuberculosis with 
subsequent arrest, and in another for recurrent 
pneumothorax. Two had recent histories of 
vascular “‘cluster’’ headaches. 

Family histories were also of interest but non- 
contributory in relation to the A-V_ block. 
In ten subjects there were histories of death in 
the immediate family due to acute coronary 
disease. Fatal coronary occlusion had occurred 
at age thirty-six in the father and at about forty 
in an uncle of one, and the brother of another 
subject had died at. age thirty-four after a 
second myocardial infarction. Rheumatic heart 
disease had been recognized in the parents of 
three of these subjects. In eight others there 
were non-specific histories of heart disease in 
parents or siblings. In six there was known 
diabetes mellitus in parents or grandparents. 

Physwal Findings: Physical examinations were 
no more revealing than the histories in producing 
information that might relate to the A-V con- 
duction disturbance. Only two subjects had 
systolic murmurs sufficiently loud to be classed 
as grade 2 in intensity. These were located 
at the apex in one and along the left sternal 
border in the other. Neither was associated 
with demonstrable cardiac enlargement by 
roentgenography and fluoroscopy, or by other 
clinical evidence of cardiac disease. Two 
subjects had transistory elevation of blood 
pressure which was attributed, after investi- 
gation, to vascular hyperreactivity. Three 
had moderate degrees of pectus excavatum. 
With these exceptions, all 139 subjects had nor- 
mal findings on complete physical examination. 

Laboratory Data: Routine hemograms and 
urinalyses were within normal limits, as were 
fasting blood sugar levels. Cultures from 
throat smears, antistreptolysin titers, and trans- 
aminase level determinations were carried out 
only when there seemed to be a clinical indi- 
cation for obtaining them; none was positive. 
Serologic tests for syphilis were negative in 
all instances. Posteroanterior and lateral x-ray 
films of the chest showed no cardiac abnormality 
or evidence of pulmonary disease which could 
not be explained as residual of disease recog- 
nized and treated in the past. 

Blood cholesterol determinations were made 
in 131 of the 139 subjects at the time of their 
clinical evaluation. These values ranged from 
130 to 348 mg. per cent with the median between 
200 and 225. Table x shows the distribution of 
the various cholesterol values. Elevations of 
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TABLE X 


Serum Cholesterol Levels in 131 Subjects with First 
Degree A-V Block 


TABLE XI 


Mean Serum Cholesterol Levels for Each Five-Year Age 
Group in 131 Subjects with First Degree A-V Block 


No. of 
Subjects 


Cholesterol 


(mg. %) 


126-150 
151-175 
176-200 
201-225 
226-250 
251-275 
276-300 
301-325 
326-350 


blood cholesterol to more than 300 mg. per 
cent were found in nine subjects. There was 
no consistent tendency within the group for 
cholesterol levels to rise with increasing age 
(Table x1). 

Phospholipid levels were determined in 
twenty-six subjects; the range was from 132 mg. 
to 327 mg. per cent with a mean of 229. 

Exercise Tolerance Test: A double Master 
exercise test was performed in the standard 
manner by 136 of the subjects who were 
examined clinically. Using as the criteria for a 
positive test a plateau-type S-T segment de- 
pression of at least 1 mm. occurring in any 
lead and persisting at least into the two-minute 
tracing, it was found that all these subjects 
responded normally. 

Electrocardiographic Changes: Clinical evalua- 
tion of the 139 subjects whose repository electro- 
cardiograms showed first degree A-V_ block 


Mean 
Cholesterol 


(mg. %) 


Age No. in 
(yr.) Group 


Less than 20 212 
20-24 207 
25-29 210 
30-34 252 
35-39 227 
40-44 211 
Over 44 250 


revealed that the block had been replaced by 
normal A-V conduction times in thirteen at 
the time of the later tracing. An average time 
of sixteen months had lapsed between the two 
sets of tracings. In two of these subjects the 
change was minimal, from 0.21 second origi- 
nally to 0.20 second in the later records. 
The tracings of two others showed reductions 
in the P-R interval from 0.22 to 0.20 second. 
The greatest change was seen in two subjects 
whose initial records had shown P-R intervals 
of 0.28 second, and who later had P-R intervals 
of 0.20 and 0.18 second. In the other seven 
the P-R interval had shortened from 0.03 to 
0.05 second. Generally the heart rates in the 
two sets of records were quite similar. In none 
did the history indicate the presence of infection 
or point to other factors which might have 
caused transient prolongation of conduction 
time when the repository records were made. 
When attention was centered on the subjects 


A-V block with Wenckebach periods. 


Fic. 4. Baseline tracing prior to exercise tolerance test showing second degree 


Blocked P waves occur at beginning of 


lead 1 (superimposed on standardization mark), and in leads V2 and V3. 
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Fic. 5. Exercise tolerance test and tracing after ad- 
ministration of atropine from same subject as in Figure 
4. Exercise has abolished second degree A-V_ block 
with Wenckebach periods present in baseline tracing. 
The tracings immediately after exercise and after 
administration of atropine show normal P-R intervals. 


with greater degrees of A-V prolongation it 
was noted that twenty-five subjects who ini- 
tially had P-R intervals of 0.25 second or more 
had been evaluated clinically. Of these twenty- 
five, there were eleven in whom the P-R interval 
at time of evaluation was found reduced to 0.24 
second or below with three showing decreases 
to normal values. Three of the original twenty- 
five, on the other hand, showed increases of 
P-R interval amounting to from 0.06 to 0.12 
second. In addition, there were fourteen other 
subjects whose initial P-R intervals of from 0.22 


Atrioventricular Block 


Fic. 6. Electrocardiogram, lead u, showing reduction 
of P-R interval from 0.39 to 0.41 second to normal after 
standing and after exercise. The third large deflection 
in the record immediately after exercise is a standardiza- 
tion mark. 


to 0.24 second had increased an average of 
slightly over 0.03 second. Among the twenty- 
five with P-R intervals initially measuring 0.25 
second or more who were subsequently evalua- 
ted, two were found to have evidence of organic 
cardiac disease: the subject in whom complete 
left bundle branch block developed and the one 
believed to have anginal symptoms. Both had 
P-R intervals of 0.25 second in their repository 
tracing. Most of the subjects had P-R intervals 
identical to or approximately the same as in 
their original repository tracings. 


One subject, twenty-six years old, who had a P-R 
interval of 0.22 second in his initial repository 
record, demonstrated intermittent second degree 


TABLE XII 
Effect of Standing on P-R Interval 


Per Cent of Subjects with P-R Interval 


P-R Interval 
Recumbent 
Baseline 
(sec. ) 


No. of 
Subjects 


Unchanged 


Decreased 


0.02-0.05 0.06-0.10 


<0.21 
0.21-0.23 
0.24-0.26 
0.27-0.29 
>0.29 


Total 
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161 
| >0.10 
sec. sec. | sec. 
10 50 50 0 0 
65 24.5 72.4 3.1 0 
31 6.5 71 23.5 0 
10 0 60 40 0 
| 11 0 0 36.4 63.6 
P| | 127 18.1 63 13.4 5.5 
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TABLE XIII 
Effect of Exercise on P-R Interval 


Per Cent of Subjects with P-R Interval 


P-R Interval 
Recumbent No. of 
Baseline | Subjects 


(sec. ) Unchanged 


Decreased 


Increased 


>0.02 sec. | 9 02-0.05 0.06-0.10 
sec. 


<0.21 
0.21-0.23 
0.24-0.26 
0.27-0.29 
>0.29 


Total 


4.5 


A-V block during clinical evaluation. His routine 
twelve-lead electrocardiogram showed only first 
degree A-V block, but his resting record prior to the 
exercise tolerance test (Fig. 4) showed second degree 
A-V block with Wenckebach phenomenon, the P-R 
interval increasing from 0.15 second to 0.42 second. 
In the postexercise record (Fig. 5) and other tracings 
only first degree A-V block was present. His past 
history was non-contributory except that he was one 
of the two subjects who gave a history of mumps 
complicated by orchitis. There was no history of 
illness in recent years and he was asymptomatic. 
Complete clinical studies failed to reveal other 
evidence of significant disease. 


Response of P-R Interval to Stress. Body Position: 
During their clinical evaluations, twelve-lead 
electrocardiograms were obtained both while 
recumbent and while standing in 127 of the 139 
subjects. In twenty-three of these the P-R 


interval was unchanged or changed no more 
than 0.01 second after standing. In the other 
104 subjects standing resulted in an appreciable 
shortening of the A-V conduction time. An 
example of marked shortening of the P-R inter- 
val after standing and after an exercise tolerance 
test is shown in Figure 6. Reduction of more 
than 0.06 second was observed in twenty-four. 
The changes in duration of the P-R interval in 
response to orthostatic influences are shown in 
Table xm. The greatest change was usually 
seen in the tracing taken within the first minute 
of standing. Measurements were made in the 
same lead, usually lead u, while standing as 
had been used for measurement in the re- 
cumbent tracing. 

Exercise: ‘The P-R intervals were measured 
in the same leads of the baseline resting and 
the postexercise tracings of the 133 subjects 


TABLE XIV 
Effect of Atropine on P-R Interval 


Per Cent of Subjects with P-R Interval 


P-R Interval 
Recumbent No. of 
Baseline Subjects 


(sec. ) Unchanged 


Decreased 


0.02-0.05 0.06-0.10 
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| 
| 
sec. 
11 | 9.1 9.1 81.8 | 0 0 
69 13.1 | 4.3 69.5 | 13.1 0 
32 | 3.1 | 0 68.8 | 28.1 0 
10 0 | 0 50 40 10 
11 0 0 18.2 36.4 45.4 
| | | 
>0.10 
sec. | sec. sec. 
| | | 
<0.21 1 | 0 100 0 | 0 
0.21-0.23 | 49 | 12.2 61.3 26.5 | 0 
0.24-0.26 | 24 | 0 45.8 50 4.2 
0.27-0.29 10 | 0 20 30 50 
>0.29 10 | 0 10 10 80 
Total | 94 | 6.4 | 47.8 30.9 14.9 
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Fic. 7. First degree A-V block with P-R interval 0.26 
to 0.28 second (lead m). Marked shortening of P-R 
interval after exercise. 


who performed double Master exercise tests. 
Usually the record taken immediately after 
exercise showed the greatest change in the P-R 
interval, but occasionally this occurred in the 
two-minute record. By five or eight minutes 
the typical finding was a return of the P-R 
interval to nearly baseline values and occasion- 
ally to longer than this. In eleven subjects 
either no change in the P-R interval or a change 
not exceeding 0.01 second was observed. A 
shortening of the P-R interval of from 0.02 
to 0.05 second occurred in eighty-six subjects 
while a reduction of 0.06 second or more was 
seen in twenty-six subjects. A pronounced 
reduction in P-R interval after exercise’ is 


illustrated in Figure 7. In four subjects an 
increase in the duration of the P-R interval of 
0.02 second in two, 0.05 in one, and 0.07 second 
in the fourth was observed. While it is possible 
that a shortening of the P-R interval occurred 
between the time of the immediate and the 
two-minute tracing in these subjects, such 
lengthening of the P-R interval after exercise 
was not seen in the other subjects. The 
effect of exercise on the P-R interval of 133 
subjects is shown in Table xi. 

Atropine: The effect of atropine sulfate, 
1.2 mg. given intravenously, was recorded in 
ninety-four of the 139 subjects. Atropine was 
not given to several whose P-R interval was 
normal or only ;slightly prolonged, and to 
several others whose P-R interval had become 
normal after standing or exercise. In six of 
ninety-four subjects, no change in the P-R 
interval occurred after administration of atro- 
pine. Of the other eighty-eight, forty-four 
showed reduction of the P-R interval by 0.06 
second or more. The effect of atropine on the 
P-R interval is shown in Table x1v. Table xv 
compares the effect of administration of atro- 
pine, exercise and standing on the P-R interval, 
eliminating subjects who no longer showed 
prolongation of A-V conduction time when 
clinical evaluation was carried out. Figure 8 
illustrates marked shortening of A-V conduction 
time after administration of atropine, consider- 
able shortening after standing and only slight 
to moderate after the exercise tolerance test 
in the same subject. 

The mean reduction in P-R interval was 
greater after administration of atropine than 
that seen either after standing or exercise. 
The mean reduction in P-R interval after 
standing, exercise and administration of atro- 
pine was 0.04 second, 0.043 and 0.06 second, 
respectively. Individual variations in response 


TABLE XV 
Effect of Standing, Exercise and Atropine on P-R Interval of Subjects with First Degree A-V Block 


Per Cent of Subjects with P-R Interval 


Maneuver No. of 


or Agent Subjects 
Unchanged 


Decreased 


Increased 
0.02-0.05 0.06—0.10 


sec. 


Standing 
Exercise 
Atropine 


14.5 
21.3 
31.2 
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Ge | | | | 
| 
| | | | |  >0.10 
| sec. sec. 
122 8.2 2.5 63.1 | 4.9 
93 6.5 | 0 47.4 14.9 
| | | 
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of P-R were marked, however, with a few show- 
ing the greatest reduction after standing or 
exercise. While administration of atropine 
produced the greatest mean decrease in P-R 
interval, the mean increase in heart rate at the 
time of maximum P-R reduction was not as 
great as that occurring after exercise. This is 
partly explained by the observation that, 
following injection of atropine, the maximum 
reduction in the P-R interval sometimes pre- 
ceded the maximum increase in heart rate. 
In a few subjects the P-R interval shortened 
rapidly, reaching its lowest values during the 
transient slowing of heart rate that frequently 
occurs within several seconds after intravenous 
injection of atropine. 

A-V conduction time was reduced to 0.20 
second or less in eighty-two of ninety-three 
(88 per cent) subjects given atropine, in ninety 
of 122 (74 per cent) after exercise, and in eighty 
of 117 (68 per cent) after standing. Ninety- 
one subjects were tested by all three of these 
procedures. In four of these none of the pro- 
cedures produced a decrease of the P-R inter- 
val to 0.20 second or less. These four showed 
resting heart rates of 75, 69, 65 and 72 per 
minute with P-R intervals of 0.32, 0.27, 0.28 
and 0.23 second, respectively. The only clini- 
cal feature apparently shared by all four was 
that they were from thirty-six to forty years of 
age. All others showed a significant reduction 
of P-R interval after at least one or two pro- 
cedures and frequently with all three. 


+++4 


Fic. 8. First degree A-V block with P-R interval 0.33 . ‘ : 
second (lead 11). A-V conduction time reduced to Resp tratory Maneuvers: The P-R_ interval 


normal after administration of atropine, nearly to normal often changed in response to breathing maneu- 
after standing and only moderately after exercise. vers. These results were not tabulated since 


records showing these maneuvers were complete 


Fic. 9. Continuous record of lead m after breath-holding has been initiated 
following a period of hyperventilation. The P-R interval shortens progressively, 
reaching normal in the second strip. Prolongation then occurs transiently and 
is again followed by normal P-R intervals. 
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Fic. 10. Continuous record of lead 1 in same subject as in Figure 9. End of 
breath-holding (at seventh QRS complex) in first strip is associated with im- 
mediate lengthening of P-R interval and second degree block with Wenckebach 
periods. In the last strip the P waves become inverted, indicating an atrial 
focus, with second degree block and Wenckebach periods continuing as before. 


Fic. 11. 
three strips. 
ventilation. 


atrial impulses appear after the first maneuver. 


vagal effects are less pronounced. 


only in the twenty-one subjects evaluated at the 
School of Aviation Medicine. It was noted, 
however, that A-V conduction time frequently 
lengthened appreciably at the height of the 
deep inspiration just prior to breath-holding. 
At this time blocking of sinus impulses was 
sometimes observed. During the ensuing period 
of breath-holding, it was usual for the P-R 
interval to decrease and remain shortened and 
after termination of breath-holding, to lengthen 


JULY 1960 


Continuous record of lead 1 after release of breath-holding in upper 
Fourth strip taken at end of breath-holding after a period of hyper- 
A fusion beat, marked variation in P-R interval and two blocked 


After the second maneuver 


transiently to values greater than those in the 
baseline record (Fig. 9). 


This effect as well as the appearance of second 
degree A-V block with Wenckebach phenomenon 
after release of prolonged breath-holding following 
a period of hyperventilation is shown in Figure 10. 
Also, the pacemaker later shifts to a focus lower in the 
atrium but continues to show Wenckebach phenome- 
non and blocked impulses. Figure 11 illustrates a sim- 
ilar increase in the degree of A-V block after breath- 
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Fag. 


100 per cent oxygen at positive pressure (upper strip) and at atmospheric pressure 


(lower strip). 
positive pressure breathing. 


Fic. 13. 


Continuous record of lead mu during massage of right carotid sinus. 
interval is shortened during and for a short time after the procedure. 


Intermittent reduction of A-V conduction time occurs during 


The P-R 
Slight slowing of 


heart rate occurs as expected, although the effect on the P-R interval is opposite to that 


usually seen. 


Fic. 14. 


was 0.25 second. 


holding in another subject. Pressure breathing with 
100 per cent oxygen generally produced more marked 
changes in P-R interval and heart rate than breathing 
100 per cent oxygen at atmospheric pressure, sug- 
gesting that pulmonary stretch reflexes or mechanical 
alterations of pulmonary and cardiac hemodynamics 
were responsible for these changes (Fig. 12). Short- 
ening of the P-R interval sometimes occurred during 
carotid sinus massage whether or not significant 
slowing of heart rate was produced (Fig. 13), al- 
though it was more usual to see the expected 
increase in the P-R interval during this procedure. 


Arrhythmias in Response to Stress Maneuvers: 
As a group, an increased tendency for cardiac 
arrhythmias and shifts in the pacemaker to 


Electrocardiogram, lead n, after a double Master exercise test. A-V 
dissociation is seen two minutes after exercise. 


The P-R interval before exercise 


develop was seen in the subjects with A-V block 
as compared with other subjects observed who 
underwent the same type of tests. 


+ 
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Fic. 15. Precordial leads V; and V2 in one subject while 
supine (upper two strips) and while erect (lower two strips). 
Lead V;, taken while standing, shows the onset of A-V 
dissociation which was of brief duration. The P-R 
interval became normal in the erect position. 
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Fic. 16. 
subject supine. 
each respiratory cycle. 
is of normal duration. 
vary only slightly. 


Continuous record of lead mu during deep, slow breathing with the 
Atrial impulses are blocked at the height of inspiration during 
The P-R interval following each blocked atrial impulse 
The other P-R intervals during each respiratory cycle 


Fic. 17. 


Electrocardiogram, lead u. Baseline record (upper strip) and con- 


~ 


tinuous tracing beginning thirty-two seconds after intravenous injection of 1.2 
mg. atropine sulfate (lower five strips). A-V dissociation with ventricular cap- 
ture occurring frequently. The P wave appears to “march” rapidly through 
the QRS complex to the T wave where it appears sufficiently late to permit 


conduction to the ventricles. 


Two of the subjects showed A-V dissociation after 
the exercise tolerance test and one of these also 
showed this phenomenon after standing (Figs. 14 
and 15). Figure 16 shows changes in P-R interval 
and blocking of sinus impulses during deep, slow and 
regular breathing. The greatest degree of vagal 
inhibition is apparent at the height of inspiration. 
Blocking of sinus impulses with failure of a ventricular 
response was observed in two subjects during the 
period immediately following the release of prolonged 
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breath-holding; both had P-R intervals of about 0.30 
second in their resting electrocardiograms. Two 
others showed intermittent atrial rhythm developing 
at the height of inspiration prior to breath-holding, 
during breath-holding and after exercise when the 
heart rate had again begun to decline. Two of the 
twenty-one showed intermittent second degree A-V 
block with Wenckebach phenomenon after exercise, 
at the height of inspiration prior to breath-holding 
and after the release of breath-holding. Nodal 
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5 sec. after ATROP.(gr.1/50 IV 


Continuous record of lead 1 after intravenous administration of 
atropine in another subject. A-V dissociation appears about twenty-five seconds 
after the injection of atropine and lasts for about twenty-five seconds. Ven- 


tricular capture occurs frequently. 


escape beats were observed during these periods in 
one of these. 


In the twenty-one subjects examined at the 
School of Aviation Medicine, A-V dissociation 
of the interference type occurred with about the 
same frequency as was observed in other sub- 


Fic. 19. Routine repository electrocardiogram showing 
second degree A-V block with Wenckebach periods. 


jects without conduction disturbances. In 


several instances, when A-V dissociation fol- 
lowed the injection of atropine in the subjects 
with A-V block, P waves occurred unusually 
late with respect to the QRS complex (Figs. 17 
and 18). The P wave in these subjects fre- 
quently appeared on the descending portion 
of the T wave and was sufficiently late to result 
in ventricular capture. This particular charac- 
teristic of A-V dissociation has not been fre- 
quently seen after administration of atropine 
in this laboratory in subjects without A-V 
conduction defects. 


SECOND DEGREE A-V BLOCK 


The one subject whose repository tracing showed 
second degree A-V block with Wenckebach phenom- 
enon was a twenty-three year old pilot who was 
asymptomatic at the time of his clinical evaluation 
approximately eight months later (Fig. 19). His 
history revealed that a few weeks prior to the record- 
ing of the repository electrocardiogram he had twice 
been awakened from sleep by shortness of breath of 
sufficient severity to require him to remain sitting 
for the remainder of the night. During the same 
period he had occasionally noticed fleeting episodes 
of lightheadedness during physical stress which were 
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Fic. 20. Electrocardiogram, lead u, in the same subject eight months after the record shown in 


Figure 19. 


relieved by sitting down and resting. He was not 
aware of fever or of other symptoms suggesting 
systemic illness during this period. 

At the time of his evaluation his resting electro- 
cardiogram showed a P-R interval of 0.20 second. 
On two different occasions, blocking of atrial im- 
pulses occurred at the height of inspiration prior to 
breath-holding but extensive investigation revealed 
no other abnormality (Fig. 20). It was presumed 
that myocarditis of unknown etiology had produced 
transient second degree A-V block. 


COMPLETE A-V BLOCK 


Complete heart block was present in only one sub- 
ject, a twenty-seven year old pilot who had com- 
pleted 2,600 hours of flying without incident. This 
abnormality was still present at the clinical evalua- 
tion eleven months later (Fig. 21). He denied 
symptoms and stated that his tolerance to exercise 
was excellent. His past history included scarlet 
fever, mumps, measles, chicken pox and _ pertussis 
in, childhood and, during the past several years, 
recurring bouts of pharyngitis, some of which were 
apparently due to streptococcic infections. Family 
history revealed an unknown type of heart disease 
and diabetes mellitus in his mother, aged fifty-four. 
Physical examination was within normal limits, 
showing only moderate obesity and the expected 
variation in intensity of the first heart sound which 
was also reduplicated. Results of laboratory and 
roentgenographic studies were within normal limits. 

Complete heart block persisted unchanged through- 
out various stressful maneuvers. The resting electro- 
cardiogram showed a relatively fast ventricular rate 
of 58 per minute with an atrial rate of 72 per minute. 
A double Master test produced an increase of ven- 
tricular rate to 70 per minute and of atrial rate to 
95 per minute. During treadmill studies with maxi- 
mum exercise the pulse rate rose to 140 per minute. 
During these studies relatively high systolic and 
diastolic blood pressure developed abnormally early 
in the procedure. Ventilatory volume in relation to 
work intensity was also increased. These mechanisms 
apparently compensated for the inadequate cardiac 
output. No other abnormalities were demon- 
strated. The relatively normal ventricular rate at 
rest, 55 to 60 per minute, had apparently prevented 
recognition of complete heart block until the routine 
electrocardiogram was obtained. 
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Blocking of a sinus impulse occurred at the height of the inspiration just prior to breath- 
holding each time this maneuver was performed. 


COMMENTS 


Incidence of Prolonged P-R Interval in Normal 
Subjects: Most authorities place the upper 
limit of normal A-V conduction time at 0.20 
or 0.21 second and occasionally longer in nor- 
mal subjects. Most agree that prolongation 
of A-V conduction time beyond 0.20 or 0.21 
second occurs rarely enough in normal persons 
that such values warrant strong suspicion of 
underlying heart disease. Observations from 
the present study do not contradict this concept. 
In an exceptionally large group of subjects 
without apparent disease and in _ probably 
“better than average” health, a prolonged 
A-V conduction time was found to occur with 
a frequency of 5.2 per thousand. At this rate, 
a P-R interval longer than 0.20 second would 
be encountered once among 200 healthy persons. 
On the other hand, first degree A-V block has 
been found in 2 to 3 per cent of hospitalized 
patients®:’ and patients with known heart 
disease.**> Comparing these figures, one might, 
omitting consideration of other clinical data, 
anticipate that prolonged A-V conduction time 
in a given subject would be four to six times 
more likely to occur as a manifestation of 
disease than as a normal physiologic variant. 


Fic. 21. Complete heart block. Routine resting record. 


i 
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In such a subject the necessity for a careful 
search for associated disease is obvious. 

While 0.20 or 0.21 second is usually con- 
sidered the upper limit of normal A-V conduc- 
tion time, many attempt to define a second 
higher limit above which A-V_ conduction 
time does not exist as a physiologic variant. 
Thus, it is stated in one text’? “‘that although the 
P-R interval ranges between 0.12 and 0.20 
second in adults with cardiac rates between 60 
and 80, values up to 0.22 second may be noted 
in apparently normal hearts.” Similarly, an- 
other" states that the P-R interval may normally 
be as long as 0.24 second in some subjects. 
Campbell’s observations’ in a large number of 
cases of first degree A-V block led him to express 
the opinion that P-R intervals of 0.26 second or 
more would not be expected in normal hearts. 

Exceptions were noted by Manning* whose 
report of electrocardiographic abnormalities 
in the absence of heart disease included six 
apparently normal subjects with a P-R interval 
of from 0.24 to 0.28 second. Three healthy 
young subjects with first degree A-V block in 
the group studied by Graybiel and associates? 
had P-R intervals of from 0.25 to 0.28 second. 
In the present survey seventy of 350 subjects 


with first degree A-V block (20 per cent) 
had A-V conduction times exceeding 0.24 


second. It is evident that values of this magni- 
tude will occur as normal variants even more 
rarely than those which are only moderately 
prolonged. In this respect it may be noted 
that two, the subject in whom left bundle 
branch block had developed and the one 
believed to have coronary disease with angi- 
nal pain, of the five with clinical evidence 
of organic disease had P-R intervals of 0.25 
second in their initial repository records. On 
the other hand, twenty-three others had P-R 
intervals of 0.25 second or more and were found 
to have no demonstrable cardiac or other 
organic disease. The present series provides 
additional evidence that P-R intervals above 
0.24 second and even above 0.30 second may 
occur in the absence of disease. 

These greatly prolonged A-V _ conduction 
times should be viewed similarly to other 
physiologic phenomena, such as height or 
circumference of the head, which are capable 
of quantitative measurement, with the more 
extreme values located farther out on the de- 
scending limb of a bell-shaped incidence curve. 
While the higher values would be found in 
normal subjects with diminishing frequency, 


one could not select a point above which ab- 
normality would always be expected. A similar 
view has been expressed by Jervell’* who, from 
observations on a large series of cases of A-V 
biock associated in most instances with disease, 
concluded that it was impossible to draw any 
sharp line between physiologic and pathologic 
values for A-V conduction time. 

In this study the population was sufficiently 
large and homogeneous to permit a valid index 
of the incidence of first degree A-V block in 
healthy people. The finding of 350 subjects 
with prolonged A-V conduction represents 
an incidence of 5.2 per thousand. ‘This inci- 
dence did not appear to be influenced by age. 
No increase in the incidence of prolonged A-V 
conduction time was apparent with increasing 
age as was observed with certain other ab- 
normalities found in the surveyed population 
for example, right bundle branch block. A 
greater incidence rate was observed in Negroes, 
but an occurrence of seven cases of first degree 
A-V block in a Negro population of 409 did 
not definitely establish this figure as the true 
incidence of this abnormality in the Negro 
race. Neither weight, height, degree of over- 
weight nor cholesterol levels appeared to cor- 
relate with the incidence of first degree A-V 
block. 

Effect of Age: While the number of subjects 
showing prolonged A-V conduction time did 
not appear to vary appreciably among the 
different five-year age groups, a difference was 
apparent when degree of prolongation was 
considered. The population of 67,375 con- 
sisted of nearly equal numbers of subjects below 
and above thirty years of age, 49.85 per cent 
below and 50.15 per cent above. ‘There were 
approximately equal numbers in these two age 
groups, 143 below thirty and 137 above thirty, 
who had P-R intervals ranging from 0.21 to 
0.24 second. However, P-R intervals of 0.25 
second or over were found in forty-five subjects 
under thirty and in twenty-five over thirty 
years old. If prolongation of A-V conduction 
to 0.27 second or more was tabulated, it was 
found to occur nearly twice as often in those 
below thirty, the actual numbers of each group 
showing these values being twenty-five and 
thirteen. This difference suggests that greatly 
prolonged A-V conduction times occur more 
commonly in the younger age groups. A 
greater degree of vagotonia, thought to be a 
factor in the bradycardia and sinus arrhythmia 
seen more commonly in the young, might also 
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be at least partially responsible for the higher 
incidence of the longer P-R intervals in younger 
subjects of the present series. 

Effect of Heart Rate: It is generally accepted 
that the normal P-R interval varies with the 
R-R interval. The absence of a consistent or 
direct relation between heart rate and A-V 
conduction time was noted by Bruenn™ in his 
study of impaired A-V conduction due to rheu- 
matic fever. In studies of subjects with normal 
P-R intervals, neither Savilahti!® nor Schlamo- 
witz'® observed a consistent relationship be- 
tween A-V conduction time and heart rate, de- 
spite a widespread impression that the P-R inter- 
vals usually shorten with more rapid heart rates. 
In our series P-R intervals prolonged from slight 
to marked degrees were seen in association with 
either relatively fast or slow heart rates with 
approximately equal frequency. In general, 
prolongation of the P-R interval was inde- 
pendent of the heart rate. In some subjects 
the P-R interval varied directly with change in 
heart rate. In others the P-R interval varied 
inversely with change in heart rate and some 
showed very little change in the P-R interval 
during large changes in heart rate. Conversely, 
it was not unusual to find marked changes in 
the P-R interval of some subjects without 
significant changes in heart rate. 

Thus it appeared that the sinus pacemaker 
and the A-V conducting mechanism reacted 
independently to vagal inhibitory and sympa- 
thetic accelerator influences. This apparent 
independence was also illustrated by the 
different times at which changes in heart rate 
and P-R interval appeared after performing a 
stressful maneuver. The change in heart rate 
might appear before or after the occurrence 
of the induced alteration of P-R_ interval. 
A lack of relationship between the P-R interval 
and sinus rate was exhibited, therefore, by 
differences in the reaction time as well as in 
the magnitude and direction of the response. 

The inability to describe a consistent relation- 
ship between these two parameters of cardiac 
function is attributable not only to differences 
between subjects but also to other complex 
variables which influence these two parameters. 
For example, the occurrence of a shorter P-R 
interval during slower heart rates can be ex- 
plained by assuming that A-V conduction is 
improved by reason of the longer time available 
for recovery between periods of activity. Dur- 
ing more rapid heart rates the reverse situation 
might be expected. Furthermore, during rapid 
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heart rate it would not be surprising to find 
lengthening of the P-R interval if atrial excita- 
tion occurred early enough in the cardiac cycle 
to coincide with the relative refractory period. 
Shortening of the P-R interval with increases 
in heart rate can be attributed to increased 
conductivity resulting from the same sympa- 
thetic influences that stimulate the sinus pace- 
maker. These explanations are plausible and 
somewhat satisfactory. All are alike in failing to 
reflect many complex and interrelated changes 
in cardiac cellular physiology taking place 
simultaneously as their chemical and electrical 
environment changes in response to alterations 
in vagal and sympathetic stimulation, supply 
and utilization of oxygen, production and trans- 
port of metabolites and other complicated 
metabolic functions. Were our understanding 
of these alterations and their interrelations 
complete, the reaction of A-V conduction time 
would undoubtedly be quite predictable. It 
is More accurate to report that the changes in 
A-V conduction time were unpredictable rather 
than unrelated to heart rate. 

Relation of P Wave and P-R Interval: The 
values for P wave duration generally exceeded 
those regarded as average, and frequently those 
considered as the upper limit of normal. The 
difficulty in setting a definite upper limit of 
normal for P wave duration is reflected in the 
relatively large range of 0.10 to 0.12 second 
usually cited by different authorities as the upper 
normal limit for this measurement.‘:!-!7—% 
A survey of the P wave duration in a large 
representative sampling of the normal records 
from the population of 67,375 fliers showed 
values in the normal group which were quite 
similar to those found in the present group with 
A-V block.”* 

Values closer to those in the present series 
were observed by Caceres and Kelser™ in a 
recent study which utilized magnified tracings 
for the determination of P wave duration. 
These investigators found that forty-four of 
fifty normal subjects showed a P wave duration 
of 0.12 second or more in one or more leads. 
The maximum values seen in any lead, usually 
aVF and V3, averaged 0.13 second. 

Four of the initial 350 records showing pro- 
longed A-V conduction contained negative P 
waves in.limb leads un, aVF and m, indicating 
a vector axis between —45 and —75 degrees. 
Such P waves have usually been regarded as of 
nodal origin with A-V block causing the P-R 
interval to be prolonged to over 0.10 second. 
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The latter condition would imply a high nodal 
focus. This type of ectopic rhythm has fre- 
quently been observed to develop passively in 
association with vagal inhibition in subjects 
with normal A-V conduction. In the majority 
of subjects observed during respiratory maneu- 
vers in this laboratory”*-this apparent change 
in location of the pacemaker (from the sinus 
node to a lower focus) occurs with little or no 
change in the P-R interval. The time from 
onset of the negative P wave in lead 11 remains 
normal and essentially the same as before when 
the P wave was positive, suggesting that 
anatomically the shift of location of the pace- 
maker has not been great. In such subjects 
with normal P-R intervals, it seems more prob- 
able that the inverted P waves in leads un, 
aVF and 1m arise from a pacemaker situated in 
the atrium rather than in the A-V node. 
Accordingly, the term ‘“‘atrial rhythm’? would 
more accurately describe this form of ectopic 
rhythm in which the P-R interval remains 
normal. 

Figure 10 illustrates the development of atrial 
rhythm in association with defective A-V 
conduction. In some subjects the initial period 
of pronounced vagal inhibition after breath- 


holding is followed by cyclic fluctuations in 


vagal tone. The latter effect is manifested 
by marked slowing of heart rate within a few 
seconds after release of breath-holding followed 
shortly by several cycles during which heart 
rate fluctuates, markedly at first but gradually 
decreasing in magnitude, in phasic fashion. 
The mechanism is probably that of sinus ar- 
rhythmia, increased to a greater degree than 
usual by the greater depth of respiration and 
modified by chemical alterations in the blood 
and hemodynamic changes that result during 
breath-holding and recovery. 

Whatever the mechanism responsible for 
prolonged A-V conduction in these subjects, 
its influence persisted for long periods of time 
despite its apparent lability during short periods 
of observation. In most of these subjects, first 
degree block was still present months after its 
discovery. Although more advanced degrees 
of A-V block could be induced in some subjects, 
this cannot be taken to indicate progression of 
an underlying disorder. 

Etiology of Prolonged P-R Intervals: While 
most of the subjects had no clinically significant 
cardiac abnormality, the etiology of the conduc- 
tion defects remained obscure. Like others 
in the general population, most of these subjects 


had experienced illnesses in the past which, 
although seemingly of little consequence, con- 
ceivably could have altered A-V conduction. 
Since the date of onset of prolonged A-V conduc- 
tion was not known, an etiologic factor could 
not be established. 

In known instances of prolonged A-V block 
resulting from infections and rheumatic fever, 
persistence of the block is usually interpreted 
as evidence of myocarditis with residual struc- 
tural damage to the conduction system. First 
degree block associated with rheumatic fever 
usually returns to normal gradually while 
that observed during acute infections such as 
the exanthemata or other viral infections is 
usually transient. Electrocardiographic studies 
are rarely performed during such illnesses and 
there is no factual basis for concluding that 
permanent A-V block does not occur in certain 
instances. Assuming myocarditis to be a nec- 
essary prerequisite for permanent first degree 
block following infection, there is ample evidence 
of its frequency in association with many acute 
infections of various etiologies.2* One might 
postulate that many of these 350 subjects had 
at some time experienced mild degrees of myo- 
carditis, fortuitously located in the vicinity of 
the conductive tissues, leaving permanent 
residual damage which was clinically apparent 
only by its effect on A-V conduction. Such 
a concept provides little satisfaction since at 
present it is capable neither of being proved nor 
disproved. 

Significance of Response to Autonomic Stress Tests: 
In most of the subjects tested, a greater reduction 
of the P-R interval was produced by administra- 
tion of atropine than by either standing or 
exercise, the mean magnitude of reduction 
being about one and a half times greater after 
administration of atropine than after either of 
the other two measures. The greater potency 
of atropine in reducing A-V conduction time 
was also illustrated by comparing the results 
seen in the ninety-one subjects who were tested 
by all three measures. The P-R interval de- 
creased to 0.20 second or less in 88 per cent 
after administration of atropine, in 74 per cent 
after exercise and in 68 per cent after standing. 
However, 89 per cent of this same group demon- 
strated shortening of the P-R limit to 0.20 
second or less as a result of both standing and 
exercise. A combination of these two proce- 
dures might produce normal P-R intervals in 
such subjects as often as administration of 
atropine, and would in many instances be 
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attended with less difficulty and inconvenience 
than the use of atropine. 

One of the more striking observations in this 
group was the marked lability of A-V conduction 
mechanisms during stress testing such as 
breathing maneuvers or orthostasis. The great- 
est change in P-R interval was usually noted in 
subjects who had the longest P-R interval at 
rest. Usually those showing marked changes 
as a result of one procedure also exhibited 
pronounced responses to other procedures 
having similar effects on autonomic activity. 

Differentiation. of Pathologic from Physiologic 
P-R Interval Prolongation: It is usually inferred 
that such lability of A-V conduction time re- 
flects excessive vagal activity as a prominent 
factor in the mechanisms responsible for the 
delay in A-V conduction. The evidence sup- 
porting this concept is largely indirect and de- 
rived from observations of the effect of atropine 
and other agents on the P-R interval. Early 
studies suggested that the response of the P-R 
interval to administration of atropine might 
aid in identifying the etiology of first degree 
A-V block. This seemed particularly appli- 
cable to patients with prolonged A-V conduc- 
tion in whom rheumatic carditis was a possi- 
bility, the assumption being that the production 
of normal P-R intervals by atropine administra- 
tion implied absence of this disease. It is 
now generally recognized that prolonged A-V 
conduction time associated with various specific 
disease states is apparently reduced to normal 
by administration of atropine as readily as in 
patients in whom no associated disease can 
be have 
shown similar changes in A-V conduction as a 
result of standing or exercise. 

Efforts have been made to find other agents 
and procedures which would permit differentia- 
tion of the prolonged A-V conduction time due 
to disease from that of functional origin. The 
results of one such study* suggested that 
carotid sinus pressure after an injection of 
ergotamine produced a: sufficiently greater 
lengthening of the P-R interval in patients with 
rheumatic fever to separate them from healthy 
subjects with first degree block. The numbers 
involved were probably too small to furnish 
conclusive evidence of the value of the test. 
Lability of the prolonged P-R interval appears 
to be a nearly constant characteristic of this 
form of block regardless of its etiology. In 
addition, such measures sometimes fail to pro- 
duce significant reduction of a prolonged P-R 
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interval in apparently normal persons. In 
many studies relatively small subcutaneous 
injections of atropine have been used so that the 
question of adequate dosage can also be raised. 
The inherent lability of A-V conduction in 
first degree block leads one to doubt that the 
effect on P-R interval of agents which alter 
autonomic tone will be successful in differenti- 
ating patients with underlying disease. 

Associated Cardiac Arrhythmias: In some sub- 
jects lability of the cardiac mechanism was also 
demonstrated by development of arrhythmias. 
Most of these occurred with stress testing during 
increased vagal activity. Blocking of sinus 
impulses, for example, occurred at the height 
of inspiration prior to breath-holding or follow- 
ing its release. Vagal activity is predominant 
at both of these stages of the breath-holding 
maneuver and is manifested usually by cardiac 
slowing of varying degree. Second degree 
block with Wenckebach periods also appeared 
in the period after release of breath-holding. 
Second degree block with Wenckebach periods, 
observed in one subject at rest, was replaced 
by first degree block after exercise, which de- 
creased vagotonia. 

A-V dissociation was seen more often during 
stress procedures at a time when sympathetic 
tone would be expected to be predominant, 
as after standing or performing an exercise 
test. As in normal persons without A-V block 
it was common to see this arrhythmia after 
atropine was administered. When it occurred 
in the presence of A-V block it seemed to differ 
in that ventricular capture occurred more 
frequently. P waves commonly appeared on 
the descending limb of the T wave (Fig. 17). 

In a few subjects stress tests induced multiple 
arrhythmias. In one, for example, atrial 
premature contractions, atrial rhythm, second 
degree A-V block with Wenckebach periods, 
second degree block with a lower atrial pace- 
maker and nodal escape beats, and A-V dis- 
sociation were observed at various times. In 
two others similar arrhythmias developed during 
testing procedures. In these the propensity 
for arrhythmias to develop potentially detri- 
mental to cardiovascular hemodynamics was 
in itself considered a relative hazard in flying 
situations, despite absence of demonstrable 
disease. 

Sinus bradycardia and sinus arrhythmia, generally 
thought to denote relative vagotonia, were 
often pronounced in these subjects. Among 
the 139 evaluated, heart rates under basal 


174 Johnson, Averill and Lamb 


conditions obtained prior to exercise were 
less than 50 per minute in twenty-five subjects. 
Pronounced degrees of sinus arrhythmia were 
present in seventeen while at rest, with rates 
varying rhythmically from around 45 or 50 
to 65 or 70 per minute. In addition, in ten 
other subjects with regular sinus bradycardia 
at rest marked sinus arrhythmia developed 
during the period immediately after exercise. 
The latter phenomenon suggests some delay in 
achieving a balance between sympathetic ac- 
celeration and vagal inhibitory effects during 
periods when increases of sympathetic tone 
were achieved. While these manifestations 
usually attributed to relative vagotonia were 
impressive in a rather large proportion- of the 
group with A-V block, they did not differ 
significantly in this respect from other subjects 
in this survey without A-V conduction dis- 
turbances. Therefore, it appeared that these 
features could not be positively correlated with 
the prolonged A-V conduction. 

Associated Organic Disease: ‘The absence of 
disease in the majority of the group with first 
degree block was a consistent and impressive 
feature. After clinical evaluation of 139 of 
the original 350 subjects, evidence of organic 
disease was definite in only four and probable in 
a fifth. Even in these five, representing about 
4 per cent of those: evaluated, symptomatic 
manifestations at the time of examination were 
minimal or absent. The one subject with 
mild hypertension and the one with left bundle 
branch block had always been asymptomatic. 
The subject with peptic ulcer and the one with 
diabetes had become asymptomatic after treat- 
ment of the acute manifestation. In both, 
dietary measures were adequate thereafter in 
providing symptomatic control. The symptoms 
of the fifth were atypical and objective findings 
were inconclusive in establishing definitely the 
presumptive diagnosis of coronary artery dis- 
ease. 

Demonstration of organic disease in a subject 
with an A-V conduction disturbance does not 
constitute proof of a common etiology. This 
platitude seems particularly applicable in the 
present study since prolongation of A-V con- 
duction time appears to be a particularly non- 
specific type of reaction, and since the majority 
of subjects had no demonstrable disease or other 
factors which could be definitely related to the 
conduction defect. It was presumed, however, 
that in the three subjects. with cardiovascular 
diagnosis and probably the one with diabetes, 


disease of the coronary vessels was responsible 
for the prolonged A-V conduction. 

In the case of the subject with duodenal ulcer, 
one might postulate excessive vagal tone as the 
common factor in the etiology of the ulcer and 
the first degree A-V block. The possibility of 
such a relation has been commented on pre- 
viously. If increased vagal tone is often present 
in patients with peptic ulcer, it would seem 
reasonable that vagal effects might be mani- 
fested also in their cardiovascular reactions. 
Although attractive as a theory, direct evidence 
for such a relationship is lacking. In support of 
the association are the studies of Draper and 
associates, who attributed the greater than 
expected frequency of sinus bradycardia and 
sinus arrhythmia in patients with ulcer to a 
possibly greater vagotonia. Jervell*® com- 
mented on the frequency of slowed A-V conduc- 
tion in patients with peptic ulcer after finding 
thirty-six cases among 317 patients with A-V 
block, most of whom had organic heart disease. 
Biorck,*® in reporting ;on two patients with 
peptic ulcer and A-V block, presented evidence 
for a possible increase in vagal activity as a 
common factor in both. In the present study 
a few had past histories suggestive of distress 
due to ulcer and three had obtained x-ray 
studies of the gastrointestinal tract which in 
each instance failed to reveal disease. Thus, 
only one case of ulcer was actually demon- 
strated among 139 with prolonged A-V con- 
duction who were clinically studied. This is an 
unimpressive incidence for a disease as common 
as peptic ulcer, 

The special electrocardiographic studies in 
the other four subjects with definite organic 
disease also failed to exhibit any characteristic 
change in A-V conduction or other signs that 
separated them from the group without apparent 
disease. Their responses to postural changes, 
exercise, breathing maneuvers, carotid massage 
and administration of atropine were essen- 
tially similar to those commonly observed. 

Second Degree A-V Block: The only instance of 
second degree block in the 350 repository 
tracings also represented the only subject with a 
history of definite cardiac symptoms. These 
symptoms were transient and, while disturbing 
for a time, were not incapacitating, Had this 
illness been more remote, it is not improbable 
that it would be forgotten over the years. Thus, 
had the A-V block been discovered many 
years later, this subject might also have given a 
negative history. However, the partial A-V 


THE AMERICAN JOURNAL OF CARDIOLOGY 


Electrocardiographic Survey: Atrioventricular Block 175 


block was not present on examination eight 
months later and could not be induced, although 
single blocked sinus impulses occurred. There 
seems little doubt that the etiology of the A-V 
block was due to cardiac involvement, probably 
myocarditis, associated with a mild infection of 
unknown etiology. The absence of apparent 
disease a few months later suggested that 
residual cardiac damage, if present at all, was 
mild and probably not clinically significant. 

In three other subjects of the 139 examined, 
second degree A-V block with Wenckebach 
phenomenon was observed transiently. In 
each instance it appeared during periods of 
relative vagotonia. In two of these, the partial 
block was induced by respiratory maneuvers 
and was seen only transiently during the 
period of rebound vagal activity after breathing 
maneuvers. The same maneuvers after admin- 
istration of atropine failed to produce this 
arrhythmia. In the third subject, transitory 
or intermittent second degree A-V block with 
Wenckebach phenomena was observed only in a 
resting tracing taken prior to an exercise test. 
It was reduced to first degree A-V block after 
exercise, presumably as a result of sympathetic 
influences. Neither history nor examination 
revealed evidence of disease in these three. 
The possibility of remote cardiac disease, such as 
myocarditis, exists, but the presence of vagotonia 
or unusual responses to vagal stimulation seems 
at least as likely to be the etiology. Similar 
cases of second degree A-V block without 
apparent disease have been reported.”® 36.37 

Complete Heart Block: ‘The finding of only one 
case of complete heart block among the popula- 
tion of 67,375 illustrates its rarity. The surveys 
of Graybiel? and Manning* of similar smaller 
populations did not reveal any subjects with 
complete heart block. There are a number of 
other reports of isolated instances of complete 
heart block without apparent underlying heart 
disease. Campbell***® commented on the 
relative frequency of congenital heart block 
in younger persons in comparison to heart 
block associated with organic heart disease, 
estimating that about 50 per cent of cases of 
complete heart block found in patients below 
age fifty were of the congenital variety. 

His and other reports*’: frequently illus- 
trated features which would be unusual in 
acquired complete heart block. Among these 
were ventricular rates of 40 to 50 per minute or 
higher, QRS complexes which were ‘supra- 
ventricular in form, absence of symptoms and 
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other evidence of underlying heart disease, and 
good prognosis for unrestricted activity and 
normal life span. Associated intraventricular 
septal defects, while common, often produced 
no evidence of impaired cardiac function. 

The one subject with heart block in our series 
presented features consistent with congenital 
block, although all of the criteria mentioned by 
Yater® were not satisfied. This patient closely 
resembled one reported on in detail by Turner® 
in whom the disease was believed to be of the 
congenital variety. At rest, the heart rate of 
the subject from our survey was 58 per minute. 
Under conditions of mild stress the ventricular 
rate increased to between 70 and 75 per minute. 
During more severe physical stress imposed 
during, treadmill studies, the pulse rate was 
approximately 140 per minute. Unfortunately, 
electrocardiographic tracings were not taken 
during exercise so that the accuracy of this 
observation is open to question and the nature 
of the cardiac rhythm unknown. The com- 
pensatory factors observed during exercise were 
apparently effective as the subject denied 
experiencing distress of any kind during physical 
effort. His flying record appeared to sub- 
stantiate these claims. 


SUMMARY 


Observations from the electrocardiographic 
data of 350 subjects with first degree A-V block 
and from clinical studies of 139 subjects from 
this group are presented. First degree A-V 
block in a large, healthy population occurred at 
an incidence rate of 5.2 per thousand. A-V 
conduction time was greater than 0.24 second 
in 20 per cent of this group, indicating that a 
precise value which separates the normal from 
the abnormal A-V conduction time does not 
exist. Although, the significance of the pro- 
longed P-R interval can be determined only by 
individual clinical evaluation, there is no doubt 
that the P-R interval can be markedly pro- 
longed in some subjects who are otherwise 
normal. In the present series only five of 139 
were found to have evidence of organic disease. 

In the majority of subjects first degree A-V 
block was still present at the time of clinical 
evaluation several months after its discovery. 
Despite its tendency to persist, the prolonged 
P-R interval exhibited marked lability both 
spontaneously and during procedures that 
altered vagal and sympathetic influences. 

The effect: of administration of atropine, 
standing and exercise on the A-V conduction 


176 


12. 


time was compared. 
interval could be reduced to normal by one or 
more of these procedures. Instability of the A-V 
conduction mechanism was often demonstrable, 
particularly in those with the longest P-R 
intervals. 
dissociation, 
rhythm, nodal escape beats and A-V dissociation 
could often be induced by stress. 
subjects, transient second degree A-V block with 
Wenckebach periods appeared either spon- 
taneously or in response to respiratory maneu- 
vers. 
alterations in vagal tone, individual responses 
were not always predictable and the response 
of the P-R interval to such alterations frequently 
seemed independent of the sinus node response. 
Observation of one case of second degree A-V 
block, apparently due to myocarditis, and one 
case of complete 
congenital, are included. 
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Electrocardiographic Findings in 67,375 


Asymptomatic Subjects 


VIII. 


Non-specific T Wave Changes* 


Capt. RoLanp G. Hiss, Mc, usAF, CApT. KeirH H. AVERILL, MC, USAF and 
LAWRENCE E. LAMB, M.D., F.A.C.C. 


San Antonio, Texas 


HIs report is an analysis of 581 examples 
of non-specific wave changes detected 
in an electrocardiographic survey of 67,375 
healthy men of various ages on flying status 
with the U.S. Air Force. It is the purpose of 
this paper to classify these changes, to compare 
this group with a series of 6,000 randomly 
selected normal records, to present the corre- 
lative medical data obtained from complete 
evaluation of 226 of these subjects and to indi- 
cate some of the physiologic conditions which 
may induce T wave variations. 

T wave changes with certain physiologic 
maneuvers have been previously noted. Gold- 
berger’ pointed out T wave variations following 
carbohydrate ingestion in certain susceptible 
persons. Wendkos and Logue’ described T 
wave changes in persons with neurocirculatory 
asthenia which were preventable with injection 
of ergotamine. Mainzer and Krause’ noted 
transitory T wave changes in tracings recorded 
on subjects with anxiety. Wasserburger* has 
recently described changes in the T wave of the 
precordial leads induced by hyperventilation 
in Negro patients which he denotes at “latent 
juvenile pattern.”” Scherf and Weissberg® de- 
scribed leftward shift of the T wave axis with 
breath-holding, although they thought this 
finding was caused by a positional shift of the 
heart. Blom* reviewed much of the literature 
up to 1951 concerning extracardiac causes for 
electrocardiographic changes and refers to 
the work of many who have described T wave 
changes under the following conditions: fear, 
gunshot startle, psychiatric patients with emo- 
tional reactions, cardiovascular neuroses, hyper- 


ventilation, hypoglycemia, tachycardia, insulin 
shock therapy, administration of adrenergic 
drugs (depressed T waves), parasympathomi- 
metic drugs (elevated T waves), female hor- 
mones and psychoses. 2T wave changes in 
healthy young subjects caused by orthostasis, 
breath-holding, hyperventilation and injection 
of atropine are reported in a study conducted for 
the Air Force.’ 

Although physiologic variation of the T wave 
has received fairly wide publication, the frequent 
appearance of abnormal T waves in the electro- 
cardiogram of patients with serious heart disease 
has caused many clinicians to ascribe ominous 
significance to all variations of the T wave 
regardless of the circumstances. However, 
when the clinical correlation is vague or absent 
altogether, T wave changes must be called non- 
specific and diagnoses based solely on such 
changes are unwarranted. It is our intention 
to point out the incidence in a large healthy 
male population and general features of non- 
specific T wave changes so that they may not 
be assigned an unjustifiable importance. 


MATERIAL AND METHODS 


An electrocardiographic survey was performed on 
asymptomatic healthy men on flying status with the 
U. S. Air Force in accordance with Air Force re- 
quirements. The details of this study have previously 
been described.’ It is only necessary to reiterate that 
all subjects in this survey were in good health to the 
best of their knowledge, were subjected to annual 
physical examinations and were receiving close medi- 
cal support from their flight surgeons. Electro- 
cardiograms recorded for any clinical indication are 
not included in this study; all tracings were obtained 


* From the Department of Internal Medicine, School of Aviation Medicine, The Aerospace Medical Center, 
Brooks Air Force Base, San Antonio, Texas. 
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Fic. 1. Rate per thousand subjects in each five-year 
age group with non-specific T wave changes. 


only for the purpose of fulfilling requirements of the 
Air Force regulation. 

The types of non-specific T wave changes found in 
the electrocardiographic survey were categorized. 
All features of the electrocardiogram as well as the 
height, weight, body type, heart rate and age of the 
subjects were entered on IBM cards, compiled and 
subjected to statistical analysis. The results of this 
part of the study were compared to a similar evalua- 
tion of 6,000 randomly selected normal tracings, 
1,000 from each five-year age group of the adult age 
range represented by the Air Force flying population. 

Complete clinical evaluation, including history, 
physical examination, roentgenogram of the chest, 
routine laboratory procedures, and determinations 
of serum cholesterol, phospholipids and fasting blood 
sugar, was obtained on 226 of the 581 subjects who 
showed T wave changes. This evaluation also in- 
cluded a routine electrocardiogram recorded with 
the patient in the fasting state and tracings obtained 
at full inspiration, during orthostasis and during a 
routine glucose tolerance test which did not involve 
blood sampling unless clinically indicated by the 
metabolic history. Thirty of these evaluations were 
performed in this laboratory. The others were ob- 
tained at the patient’s own medical facility through 
the cooperation of his flight surgeon. Complete 
evaluation of all subjects with non-specific T wave 
changes was requested, but only those medical 
facilities with sufficient time and equipment were 
able to comply. The 226 subjects who eventually 
did receive this evaluation thus represent a random 
selection. 


RESULTS 


INCIDENCE 


Of the 67,375 subjects in the population 
surveyed, 581 (0.86 per cent) had some type of 
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Fic. 2. Percentage distribution by age groups of sub- 
jects with non-specific T wave changes (broken line) as 
compared to the total survey population (solid line). 
Comparison of the two curves indicates an increase in 
non-specific T wave changes in the older age group. 


T wave change in their routine electrocardio- 
gram which necessitated the diagnosis of 
‘abnormal electrocardiogram due to non-specific 
T wave changes.” The rate per thousand inci- 
dence of this abnormality expressed by five-year 
age groups is shown in Figure 1. The higher 
rate in the first group (less than twenty years 
of age) is misleading and probably a result of 
the relatively small number of subjects of this 
age range in the total population surveyed. 
The increased rate in the older age groups is 
undoubtedly a reflection of increased incidence 
of heart disease in this segment of the population. 

Arteriosclerotic heart disease and the early 
manifestations of left ventricular hypertrophy 
readily affect the T wave, a point which is well 
recognized. The error arises in attributing all 
T wave changes to such etiologies. Figure 2 
compares the percentage of subjects with T 
wave changes in each five-year age group 
to the percentage distribution of the entire 
population surveyed. 

Of the subjects showing non-specific T wave 
changes, twenty-one were Negroes (3.62 per 
cent); this figure is significantly higher than 
the percentage of Negroes in the entire popula- 
tion surveyed (0.5 per cent). 


PATTERNS OF T WAVE CHANGES 


The diagnosis of non-specific T wave changes 
was not made on the basis of a single charac- 
teristic configuration, but consisted of a variety 
of electrocardiographic patterns. All records 
included in this group demonstrated one or 
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Fic. 3. An example of low T wave amplitude in all 
twelve leads. 


more of the following electrocardiographic 
findings: 

(1) Low T wave amplitude in all twelve electro- 
cardiographic leads was observed in 104 (17.9 
per cent) of the subjects with non-specific T 


Fic. 4. Low T wave amplitude in the limb and lateral 
precordial leads. 


Fic. 5. 
changes. 


An example of isolated precordial T wave 


wave changes. The T wave amplitude in all 
leads was less than 0.2 mv. (Fig. 3). 

(2) Low T wave amplitude in the six limb leads 
with normal amplitude in the precordial leads was 
seen in twenty-three subjects (3.9 per cent). 
This relatively rare finding suggests that the 
majority of the forces of ventricular recovery 
were in the transverse plane, or that the prox- 
imity of the precordial electrodes influenced the 
character of the T wave. 

(3) Low amplitude or inversion of the T wave 
in the lateral precordial leads with normal amplitude 
in other leads was seen in eleven subjects 
(1.9 per cent). This phenomenon may be the 
result of a vertically oriented T axis which 
would be perpendicular to the lateral precordial 
leads, or the dampening effect of lung tissue in a 
person with a wide chest. 

(4) Low amplitude of the T wave in all limb 
leads plus low amplitude or inversion of the T waves 
in the lateral precordial leads was observed in 
139 subjects (23.9 per cent) (Fig. 4). This 
pattern may result from generalized low ampli- 
tude of the forces of recovery as in pattern (1) 
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Fic. 6. “Persistent juvenile pattern’ of T wave changes. 


above, with the proximity of the right precordial 
leads to the heart producing relatively normal 
T waves in these leads. In other cases it results 
from an anteriorly directed T vector which is 
perpendicular to the frontal plane. 

(5) Isolated T wave changes in the precordial leads 
were observed in thirty-four subjects (5.8 per 
cent) (Fig. 5). 

(6) Inverted T waves in the right precordial leads, 
often called the “persistent juvenile pattern,” 
were observed in sixteen subjects (2.7 per cent) 
(Fig. 6). 

(7) Miscellaneous T wave changes not fitting 
into the aforementioned classifications were seen 
in fifteen subjects (2.6 per cent). Most were 
tracings demonstrating low T wave amplitude 
in the precordial leads with normal T waves in 
the limb leads. 

(8) A wide spatial QRS-T angle with a left- 
ward T vector and normal T wave amplitude 
was observed in fifty-five subjects (9.5 per cent) 
(Fig. 7). In each of these the T vector was 
zero degrees or less on the standard hexaxial 
reference system and unassociated with leftward 
shift of the QRS vector. 

(9) A wide spatial QRS-T angle associated 
with changes in T wave amplitude was observed 
in 233 subjects (40.1 per cent) (Fig. 8). 

There were some subjects with two of the 
described T wave patterns in their tracings. 
This overlap accounts for the discrepancy 
between the numbers just listed and the 581 
subjects in the series. 
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Fic. 7. An example of leftward rotation of the T 
vector in the frontal plane unassociated with other 
findings. 


Fic. 8. An example of leftward rotation of the T vector 
in the frontal plane associated with decreased T wave 
amplitude in the lateral precordial leads. 
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terns of T wave changes. 
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unassociated with other findings. 


limb and lateral precordial leads. 


E, “‘persistent juvenile pattern.”’ 


Age incidence on a rate per thousand basis for the more common pat- 
A, low T wave amplitude (less than 0.2 mv.) in all 
B, leftward rotation of the T vector (beyond zero degrees) 
C, leftward rotation of the T vector associated 
with decreased amplitude of the T waves. 


D, iow amplitude T waves in the 
The num- 


bers above the graph at each age group refer to the number of subjects on which , 


this rate was based. 


Correlation of Age and T Wave Patterns: The 
age incidence of each of the T wave patterns 
was Calculated on a rate per thousand basis 
(Fig. 9). The three curves for the patterns of 
low T wave amplitude in the limb leads, isolated 
precordial changes and low T wave amplitude 
only in the lateral precordial leads have been 
omitted as there was no variation between age 
groups for these patterns. 

Inspection of the age incidence graph indi- 
cates that the pattern of low T wave amplitude 
in both the limb and lateral precordial leads 
without widening of the QRS-T angle increases 
significantly with age. If true, this pattern of 
T wave change may be given more importance 
as an indication of underlying heart disease. 
Follow-up studies will be necessary. 

It is of interest to note that the “latent juvenile 
pattern” is not restricted to the younger age 
groups and actually has a relatively even age 
distribution. 

Clinical Correlations: An attempt was made 
to correlate the T wave pattern observed with 
many factors, including height, weight, race, 
heart rate, body type, past medical history, 


family history and laboratory data. Such 
correlation was essentially inconclusive, with 
the exception of two impressions. The first 
of these was that isolated precordial T wave 
changes were frequently found in electrocardio- 
grams obtained from Negro subjects, and 
second, that generalized low amplitude T waves 
in all twelve routine leads were often observed 
in an obese subject. The distribution of T 
wave pattern with other data obtained on the 
entire group was random. 


COMPARISON WITH THE NORMAL VALUES SERIES 


The frequency distribution of height, weight, 
heart rate, body type and all commonly rccog- 
nized electrocardiographic features of the 581 
cases of non-specific T wave changes were com- 
pared to similar statistics obtained from a 
detailed analysis of 6,000 normal electrocardio- 
grams, 1,000 for each five-year age group in 
the adult population. The details will be 
presented in a subsequent report.® 

Height and Weight: There was no significant 
difference in the distribution of height in the 
group with T wave changes as compared with the 
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normal group. However, the weights of the 
subjects showing non-specific T wave changes 
ranged from 120 to 236 pounds and averaged 
approximately 6 pounds heavier in each age 
group than the group with normal values. 
The influence of weight on the body type 
(relative obesity) was even more striking. All 
subjects in both series were classified into one 
of five basic body types based on standard 
height-weight tables as follows: group 1, 
standard weight minus 20 pounds or more; 
group 2, standard weight minus 10 to 19 pounds; 
group 3, standard weight plus or minus 9 
pounds; group 4, standard weight plus 10 to 
20 pounds; and group 5, standard weight plus 
20 pounds or more. Standard weights were 
calculated on the basis of height using the 
twenty-six to thirty-year age group on the 
height-weight table of Air Force Manual 
160-1. 

Fifty-two per cent of the subjects with non- 
specific —T wave changes were 20 pounds or 
more overweight for the height as compared 
to 31.6 per cent of those with normal values. 
This general relationship was found at each 
age group and was not restricted to the older 
population. The’ percentage of overweight 
subjects became higher in both the normal and 
abnormal series with increasing age, but the 
ratio was the same at each five-year age group. 

The influence of excess weight as a factor in 
non-specific T wave changes has been demon- 
strated several times in this laboratory. We 
have evaluated markedly obese subjects who 
showed generalized non-specific T wave changes 
and borderline positive double Master exercise 
tests. On successful completion of an appro- 
priate weight reduction program, a normal 
electrocardiogram and Master test were ob- 
tained. 

Heart Rate: WHeart rates approximated 6 to 7 
beats per minute faster for the tracings showing 
non-specific T wave changes as compared to the 
group with normal values. This is undoubtedly 
a reflection of a phenomenon which will be 
discussed in the part of this paper dealing with 
T wave changes with relative tachycardia. 

T Wave Axis and Amplitude: An analysis of 
the T wave vector in the frontal plane as well 
as the T wave amplitude in leads 1, aVF, 
V2 and Vg either individually or as combina- 
tiens of leads in the same plane reflected our 
criteria for the diagnosis of “nonspecific T wave 
changes.’ The median T axis for those with 
normal values was +45 degrees, whereas the 
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median T axis for the group with non-specific 
T wave changes was zero degrees. This 
finding resulted from inclusion of many tracings 
in which the T wave abnormality was marked 
leftward rotation of the T axis in the frontal 
plane. T wave amplitudes in the group with 
non-specific T wave changes were one-half to 
one-third of corresponding values and distri- 
butions in the group with normal values, 
as expected. The sum of the T wave amplitude 
in leads 1 + aVF (ventricular recovery forces 
in the frontal plane) was approximately one- 
half of that in the group with normal values. 
The sum of the T wave amplitudes in leads 
1 + aVF in the group with non-specific T wave 
changes was 0.2 mv. (low amplitude) or less 
in 71 per cent of the subjects as compared to 
15 per cent of subjects in the corresponding 
group with normal values. Similar results 
were obtained when the sums of the T wave 
amplitudes in leads 1 + aVF + V2 or V2 + Ve 
were compared. The sum of the T wave 
amplitude in leads1 + aVF + V2 was 0.6 mv. or 
less in 49.1 per cent of the non-specific T wave 
tracings as compared to only 9.2 per cent 
of the group with normal values. The sum of 
leads V2 + V¢ of the group with the abnormality 
was 0.6 mv. or less in 72.1 per cent of subjects as 
compared to 20.8 per cent in the normal popu- 
lation. 

The particular leads were used in measure- 
ments of amplitude as they most nearly repre- 
sented mutually perpendicular coordinates. 
These measurements will be discussed in detail 
in a subsequent publication.® 

QRS Changes: A comparison of the incidence 
of Q waves in the standard limb leads of 0.03 
second or greater did not show any increased 
incidence in the group with non-specific T 
wave changes as compared to the group with 
normal values. This analysis was conducted to 
determine whether any other evidence of 
previous myocardial infarction might be sus- 
pected electrocardiographically to a greater 
degree in the group with non-specific T wave 
changes than in the normal group. 

Comparisons of other electrocardiographic 
features such as QRS amplitudes in leads 1, 
aVF, V2 and V¢ either individually or as sums 
of amplitudes in leads in the same plane did not 
show any significant difference between the 
group with non-specific T wave changes and 
those with normal values. This point is impor- 
tant as it suggests that the non-specific diminu- 
tion of the T wave amplitude was not merely a 
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TABLE I 


Positive Clinical Findings in an Evaluation of 226 
Subjects 


Finding 


History of symptoms possibly suggestive of 
cardiovascular disease 

Past medical history 
Scarlet fever 
Pericarditis 


NNNN 


Pyelonephritis............. 

Family history 
Myocardial infarction in an older member . 
Arteriosclerotic heart disease without 

myocardial infarction 

Hypertension 
Myocardial infarction in a young member. . | 
Rheumatic fever 


Physical findings 
Increased blood pressure 
Pectus excavatum 
Cardiac murmurs 
Roentgenographic findings 
Suggestive of old pleuritis 
Suggestive of old pericarditis. . . 
Enlarged hilar lymphadenopathy... .. 


coincidental finding associated with decreased 
QRS voltage caused by such factors as body 
weight. Also, if T wave changes of the type 
described are considered evidence of myocardial 
disease, one might expect that QRS voltage 
would be similarly affected. This was not the 
case in this study. QRS duration, P-R inter- 


TABLE Il 
Clinical Estimation of Body Habitus 


Status 


Normal 
Obese 
Slightly obese 
Asthenic 


val, Q-T interval, P wave amplitude, duration 
and axis, non-specific S-T segment elevation, 
and rightward terminal QRS forces were 
found in approximately the same distribution in 
the group with non-specific T wave changes 
as compared to the normal group. 


CLINICAL CORRELATION AND SPECIAL ELECTRO- 
CARDIOGRAPHIC STUDIES 


Clinical Evaluations: Of the 581 subjects 
whose routine electrocardiogram showed non- 
specific I~ wave changes, 226 received full 
clinical evaluation of this abnormality. The 
past medical history, family history, system 
review, physical examination, roentgenogram of 
the chest, routine laboratory procedures, and 
determinations of fasting blood sugar, serum 
cholesterol and phospholipids did not reveal 


any remarkable finding which might not be 
expected in a similar evaluation of 226 subjects 
of the same age with normal electrocardiograms. 
Positive features of these clinical data are 
tabulated in Table 1. The clinical estimation 
of the body type by the examining physician 
not based on height-weight tables was obtained in 


218 of the 226 subjects (Table u). Table m gives 
the composite cholesterol values by age group. 


TABLE Ill 


Cholesterol Values 
Number of Subjects with Various Serum Cholesterol Levels 


Total Serum 


Age by Five-Year Group 


Cholesterol 
(mg. per 


cent) 20-24 


25-29 


30-34 


Per Cent 
35-39 


125-150 
151-175 
176-200 
201-225 
226-250 
251-275 
276-300 
301-325 
326-350 


OF & DO 
NK 
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Rheumatic fever | 
Poliomyelitis. . 
Diabetes... .. 
Coccidioidomycosis 
10 
8 
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Diabetes. ..... 1 
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4 
2 
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A 
Fic. 10. 


Cc 


Electrocardiograms of a twenty-four year old subject showing the 


effect of 100 gm. of glucose in solution administered orally. A, fasting tracing. 


B, one hour after ingestion of glucose in solution. 


C, three hours after glucose 


administration with a return to normal T wave configuration. 


Effect of Fasting and Ingestion of Glucose: Of 
the 226 subjects, 121 (53.5 per cent) had normal 
tracings when these were repeated in the fasting 
state. Of these, eighty-eight (73 per cent) showed 
T wave changes following the ingestion of 100 
gm. of glucose in solution (Fig. 10) which in sixty- 
three subjects (52 per cent) precisely redupli- 
cated the original T wave abnormality. There 
were an additional fifty-six subjects (24.7 per 
cent) whose fasting electrocardiograms were still 
abnormal, but markedly improved from the 
original tracing; of these, forty-five (80 per 
cent) showed further T wave changes following 
oral ingestion of glucose, twenty-six (46 per 
cent) reduplicating their original electrocardio- 
gram. There were forty-nine subjects (21.7 
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per cent) whose electrocardiogram was un- 
changed in the fasting state. 

The age incidence of those subjects whose 
fasting tracings were normal was compared to 
subjects whose tracings were still abnormal 
in the fasting state (Fig. 11). In the relatively 
young age groups there is a slight predominance 
of subjects whose T wave abnormality disap- 
pears in fasting tracings as compared to those 
subjects with more fixed T wave changes, but 
in the older age groups the reverse is true. 
Our reasoning in constructing this graph was 
to see if T wave lability following ingestion of 
glucose might be a precursor in the younger 
subject of more rigid T wave changes at an 
older age. This may be true, but it is our im- 
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ABNORMAL FASTING 
NORMAL FASTING 
TOTAL REPOSITORY 


——— % OF 226 ABNORMAL 


PERCENT 


—— % OF 226 NORMAL 


8 


PERCENT 


N 

a 


<20 20-24 25-29 30-34 35-39 40+> 


20-24 25-29 3-34 35-39 +> 


AGE BY 5 YEARS 


Fic. 11. 
to recent ingestion of a meal. 


T wave changes from the original survey which could be attributed 
The graph on the left compares the subjects at 


each age group whose fasting tracing was normal with those whose fasting 


tracing was still abnormal. 
jects who received full evaluation. 


This information was available for the 226 sub- 
The graph on the right compares the per- 


centage distribution by age group of the subjects with fasting normal tracings 
but T wave changes following glucose (solid line), and those with T wave 
changes in the fasting state (broken line), with the percentage distribution by 


age of the entire survey population. 


pression that the proportional figures at each 
age group are too similar for such a conclusion, 
particularly since both curves are strongly af- 
fected by the relative size of the entire survey 
population at each age group. 

Body Position: Of the 121 subjects whose 
fasting tracings were normal, seventy-eight 
(64 per cent) showed T wave changes when an 
electrocardiogram was recorded in the ortho- 
static position, with the subjects in the fasting 
state. Of these, forty-two (35 per cent) pre- 
cisely reduplicated their original abnormality 
with orthostasis. Similarly, there were forty 
subjects of the fifty-six whose tracings were 
improved, but not entirely normal in the fasting 
state, who showed further changes with ortho- 
stasis, twenty-three reduplicating the original 
abnormality. Of those subjects whose tracings 
were completely unchanged in the fasting state, 
several showed further changes with both 
ingestion of glucose and orthostasis producing 
T wave changes of even more striking charac- 
teristics. 

Deep Inspiration: ‘T wave changes occurred 
with the subject at full inspiration in thirty-one 
subjects whose fasting tracings were normal and 
in eighteen subjects whose fasting tracings were 
improved, but not normal. In almost all cases 
where a change of the T wave pattern occurred 
with deep inspiration, orthostasis or ingestion 
of glucose, this change was of the same general 
type that had been noted on the original survey 
electrocardiogram. This fact suggests that 
the type of T wave variation in a susceptible 


subject is not specific for the physiologic ma- 
neuver which elicited the change but rather 
peculiar to that subject. Ingestion of glucose 
and orthostasis were particularly closely allied 
in this regard (Fig. 12). 

Tachycardia: There were twenty-five sub- 
jects (11 per cent) in whom increased heart 
rate was implicated as the probable cause for 
the T wave changes (Fig. 13). Repeat tracings 
under basal conditions were normal (heart 
rate much slower) and the original abnormality 
was reduplicated when the rate was increased 
by orthostasis. The basic mechanism for T 
wave changes with increased rate or with ortho- 
stasis is probably increased sympathetic tone, 
which is undoubtedly the mechanisms for 
“anxiety T waves” that others have noted.* 

Obesity: Although it is thought that marked 
obesity can be associated with non-specific 
T wave changes, obesity did not always pre- 
clude normal tracings in the fasting state and 
positive glucose and orthostatic responses were 
noted in obese subjects in approximately the 
same frequency as those whose weight was 
normal. Likewise, there was no uniform pat- 
tern by which the Negro subjects responded; 
half of those evaluated had normal fasting 
tracings with positive responses to orthostasis 
and ingestion of glucose and the other half were 
unchanged in the fasting state. 


COMMENTS 


It was our impression from this study that 
for most of the subjects who demonstrated a 
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Fic. 12. 
subject. fasting and recumbent. 


height of deep inspiration with the subject recumbent. 
Note the similarity of the effect of orthostasis and ingestion of glucose on 


gm. of glucose in solution. 
the T wave changes. 


form of non-specific T wave change in their 
routine electrocardiogram there was not suffi- 
cient evidence to warrant a diagnosis of organic 
heart disease. The clinical appearance of 
these men and their evaluation utilizing the 
common diagnostic parameters employed in 
cardiovascular investigation did not reveal any 
feature which would characterize this group 
or set it apart from completely normal persons 
of the same age. Body weight and slightly 
increased heart rate might be the only exception 
to this. The T wave changes were relatively 
isolated phenomena in an otherwise healthy 
picture. The lability of the T wave changes 
noted with simple physiologic maneuvers indi- 
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A series of tracings on a twenty-seven year old subject during various maneuvers. A, 
B, one minute after assuming the upright position. 


C, at the 
D, one-half hour following ingestion of 100 


cated that the majority of the original electro- 
cardiographic abnormalities could be attrib- 
uted to a peculiar idiosyncrasy which is of 
academic interest, but may not be of diagnostic 
importance. It should be pointed out, however, 
by way of caution, that an abnormal T wave 
fostered by significant disease may show 
further variation with physiologic maneuver. 
Demonstration of the lability of a T wave 
which is abnormal under basal conditions does 
not prove the innocuous nature of this finding. 
There is considerable room for speculation 
concerning the mechanisms responsible for 
the LT wave changes described. The role 
of the potassium ion in T wave changes asso- 
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Fic. 13. 
a thirty-three year old officer. 


about the outcome of the examination. 


conditions. 


ciated with ingestion of glucose is undoubtedly 
important, and the role of autonomic tone, 
both sympathetic and parasympathetic, cannot 
be overlooked. Other factors probably contrib- 
ute to the general picture of T wave lability, 
including intrathoracic hemodynamics, periph- 
eral blood flow and metabolic activity. The 
mechanics and interrelations require consider- 
ably more investigation before they may be 
fully comprehended. 

Many workers have been suspicious of T wave 
changes seen in routine electrocardiography. 
Most of these studies, however, have been 
conducted on populations considerably older 
than ours in which the incidence of heart 
disease would be expected to be higher. It is 
readily admitted that “non-specific” is not 
synonymous with ‘“‘innocuous” and diseased 
hearts may indeed show non-specific T wave 


B 


The effect of increased heart rate and/or anxiety on the T waves of 
A, tracing recorded when he was apprehensive 
B, tracing recorded under more basal 


changes, but we believe that many of the non- 
specific —T wave abnormalities found in this 
electrocardiographic survey represent another 
kind of T wave change, a category which does 
not usually confront the clinician in practice. 
These are physiologic T wave changes which are 
not associated with heart disease so that the 
subject remains asymptomatic and does not seek 
medical attention. 

The problem is one of separating those T 
wave changes which are secondary to disease 
from those which are not. The increase of 
non-specific T wave changes with advancing 
age documents the potentially serious nature 
that abnormal T waves may have; on the other 
hand, demonstration of grossly abnormal T 
waves produced by a benign mechanism such 
as carbohydrate ingestion or orthostasis suggests 
that physiologic mechanisms must be seriously 
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considered before making a diagnosis. A longi- 
tudinal program on our series will be conducted 
to attempt delineation of this problem. Pend- 
ing further studies, however, it is our conclusion 
that to place ominous significance on isolated 
T wave changes in a routine electrocardiogram 
without thorough consideration of the physio- 
logic factors that may be operative would be 
overreading the tracing and an injustice to the 
patient. 


SUMMARY 


An electrocardiographic analysis of 67,375 
asymptomatic healthy men on flying status 
with the U. S. Air Force has revealed the 
presence of 581 subjects with non-specific T 
wave changes in their routine electrocardiogram. 
Complete clinical evaluation of 226 subjects 
failed to reveal any increase of heart disease or 
family history of heart disease over what might 
be expected from a similar analysis of randomly 
selected men from the same population with 
normal electrocardiograms. 

The types of T wave changes were categorized 
into nine basic patterns. An attempt to 
correlate these patterns with any characteristic 
of the subject or other features of his electro- 
cardiogram was unrevealing. 

Comparison of the group with non-specific 
T wave changes with a series of 6,000 normal 
electrocardiograms (1,000 from each five-year 
age group of the adult population) revealed 
many striking differences. The body weights 
and heart rates of the group with the ab- 
normality were slightly higher than in those 
with normal values, and the percentage of 
overweight subjects in each age group was 
markedly larger. The T wave amplitude in 
leads 1, aVF, V2 and Vz. was approximately 
half that of comparable values in the normal 
series when each lead was compared separately 
and when sums of leads in the same plane were 
compared. 

There was an increase in the incidence of 
non-specific T wave changes in the older age 
groups. This is likely due to increased cardiac 
disease expected at these ages. 

A complete clinical evaluation was conducted 
on 226 of the 581 subjects with non-specific 
T wave changes. There were 121 (53.3 
per cent) subjects whose fasting tracing was 
normal in all respects. In these, T wave changes 
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were often artificially induced following inges- 
tion of 100 gm. of glucose in solution, following 
orthostasis and with deep inspiration. These T 
wave changes mimicked the original abnor- 
mality seen on the routine survey electrocardio- 
gram. 

Obesity was a factor in the production of 
non-specific T wave changes in several subjects, 
but the presence of obesity did not preclude 
normal fasting electrocardiograms. 

There were twenty-five subjects, whose T 
wave abnormality was attributed to increased 
heart rate and/or anxiety. 

Because of the extreme T wave changes 
which are possible in susceptible subjects under 
such benign conditions as the postprandial 
state, respiration or minor anxiety, it is believed 
that T wave changes found in any routine elec- 
trocardiogram should be carefully considered 
as potentially physiologic. A diagnosis of 
heart disease on the basis of isolated T wave 
changes in the absence of clinical correlation or 
other more specific electrocardiographic findings 
is not justified. 
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IX. Myocardial Infarction* 


Maj. GeorceE B. SmitH, JR., Mc, USAF and LAWRENCE E. M.D., F.A.C.C. 


San Antonio, Texas 


sidered arteriosclerotic heart disease with 
myocardial infarction a disease of advancing 
years, occurring uncommonly before the age of 
forty. In addition, since Herrick’s description 
of the clinical syndrome,’ pain has been con- 
sidered a cardinal symptom in establishing the 
diagnosis of myocardial infarction. 

Studies such as those of Glendy, Levine and 
White,? French and Dock* and the more ex- 
tensive series reported by Yater et al.* have 
demonstrated that arteriosclerotic heart disease 
occurs in young persons and, not infrequently, 
causes death through infarction of the myo- 
cardium. It is also increasingly evident that 
myocardial infarction is not always heralded 
by characteristic pain or any other unique 
symptoms. 

Since myocardial infarction occurs in the 
younger age groups without characteristic or 
recognizable symptoms, it presents a particularly 
difficult diagnostic problem in persons who fly. 
The effects of an impaired coronary circulation 
(due to arteriosclerosis) and impaired oxygena- 
tion of the blood (due to the hypoxia of altitude) 
are cumulative. Hypoxemia that might be 
inconsequential in its effects on a normal heart 
could cause acute damage to the myocardium 
with a blood supply compromised by arterio- 
sclerosis. Similarly, coronary circulation might 
be just adequate to supply the myocardium at 
ground level, but prove insufficient under the 
stresses of altitude. 


{ grr recent years, many physicians con- 


MATERIAL AND METHODS 


In April 1957, the U. S. Air Force established the 
Electrocardiographic Repository at the School of 


Aviation Medicine. Initial records for this repository 
were obtained by requiring that baseline electro- 
cardiograms be taken on all rated personnel (pilots, 
navigators and flight surgeons) at the time of their 
next annual physical examination, regardless of age. 
Electrocardiograms are also required on all future 
selectees for flying training and for the U. S. Air 
Force Academy. ‘These records and all those which 
might be taken for other reasons (for example, pres- 
sure suit indoctrination or hospitalization) are for- 
warded to the repository for interpretation and com- 
parison with any previous records. A previous Air 
Force requirement for annual electrocardiograms on 
all personnel after age forty was not changed. 

These requirements have resulted in the accumula- 
tion, interpretation and statistical evaluation of 
67,375 electrocardiographic records. The general 
details of the electrocardiographic survey have been 
previously reported.’ . 

During the initial evaluation of these records, and 
before any rigid criteria were established, the records 
of 129 subjects were selected as being compatible 
with myocardial infarction. Of these, seventy-three 
were considered compatible with infarction of the 
inferior wall (diaphragmatic), thirty-five with infarc- 
tion of the anterior myocardial wall and twenty-three 
demonstrated other manifestations strongly sug- 
gestive of myocardial infarction. Later, more rigid 
criteria were established for considering electro- 
cardiograms to be compatible with previous infarc- 
tion. 

Criteria for Diagnosis of Myocardial Infarction: ‘These 
criteria are as follows: 

Inferior wall infarction: (1) Qs of at least 0.04 
second in duration, and followed by an R wave; 
(2) Q in lead aVF of at least 0.02 second in duration; 
(3) Qe must be present; (4) the amplitude of the 
QRS complex in lead m must be at least 5 mm. (0.5 
mv.), unless Q; is greater than 2.5 mm. (0.25 mv.); 
(5) Ps must be upright, and there must be an iso- 


*From the Department of Internal Medicine, School of Aviation Medicine, The Aerospace Medical Center, 


Brooks Air Force Base, San Antonio, Texas. 


THE AMERICAN JOURNAL OF CARDIOLOGY 


190 


Electrocardiographic Survey: Myocardial Infarction 191 


TABLE I 


Results of Applying Rigid Criteria to 129 Electro- 
cardiograms Suggestive of Myocardial Infarction 


TABLE I 


Interpretation of Original Electrocardiograms and 
Results of Clinical Evaluation for Fifty Persons 


Criteria No. 
Do not meet criteria of infarction 63 
Borderline, suggestive of inferior infarction 16* 
Borderline, suggestive of anterior infarction 15t 
Compatible with infarction of the inferior 24 
wall 
Compatible with infarction of the anterior 9 
wall 
Compatible with infarction of the lateral or 1 
anterolateral wall 
Compatible with infarction of the anterior- 1 
inferior wall 


* These records meet all criteria of inferior infarction, 
except that P; is diphasic or inverted. 

+ These records meet the criteria of anterior infarc- 
tion, except that R waves are absent in leads V; and 
V2, but present in lead V3. 


electric interval between the P and Q waves; and 
(6) intraventricular conduction must be essentially 
normal. 

Anterior wall infarction: (1) R waves must be absent 
in leads V;, V2 and Vs, or there must be a significant 
localized loss of R wave amplitude in leads V2, V3 
or V4; and (2) P waves must be upright in lead V». 

Of the group of 129 persons originally thought to 
have abnormal records, fifty-one have had complete 
clinical evaluation, most of which have included 
vectorcardiograms. (A large number of the remain- 
ing group have had varying evaluations at their 
bases or elsewhere. These examinations have often 
been prompted by letters reporting the interpreta- 
tion of the subject’s electrocardiogram at the Elec- 
trocardiographic Repository. However, the results 
of these examinations are frequently placed in per- 
sonal medical records and are not available to the 
School of Aviation Medicine.) 


RESULTS 


When the original records of the 129 sub- 
jects were reviewed in terms of the more rigid 
criteria above, they were reclassified as shown 
in Table 1. 

Table 1 illustrates the relation between the 
interpretation of the original electrocardio- 
gram and the results of clinical evaluation of 
fifty-one of these subjects. 

Considerable effort was expended evaluating 
persons whose electrocardiograms did not 
meet the criteria for myocardial infarction. 
This was carried out because it is probably not 
possible to formulate criteria which will en- 
tirely differentiate the electrocardiograms of 
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No. In- An- 
Siiieoeiniaiies First | No. | “‘Nor-| ferior | terior 
Sus- | Seen | mal’’*!Infarc-|Infarc- 
pected tion | tion 


Do not meet cri- 63 18 16 2 
teria 


Borderline, 16 5 4 1 
inferior 

Borderline, 15 2 1 pein 1 
anterior 


Compatible with 24 17 12 5 
inferior infarc- 
tion 

Compatible with 9 8 1 aes 7 
anterior infarc- 
tion 

Compatible with 1 
anterolateral 
infarction 

Compatible with 1 
anterior- 
inferior 
infarction 


Totals 129 51 34 8 9 


* No clinical or laboratory evidence of myocardial 
infarction. Abnormal electrocardiograms were con- 
sidered as electrical variants without clinical significance. 


persons who have had myocardial infarctions 
from those of persons who have not. Two of 
the eighteen persons whose electrocardiograms 
did not meet criteria were found to have clini- 
cal evidence of myocardial infarction. Con- 
versely, thirteen of twenty-four persons whose 
electrocardiograms did meet the criteria of 
infarction were found to have no other clinical 
or laboratory evidence of myocardial infarc- 
tion. 

In addition to the aforementioned, other 
electrocardiographic abnormalities were seen 
which apparently resulted from previous in- 
farction. Several of the subjects previously 
reported on with left bundle branch block 
evaluated at the School of Aviation Medicine 
illustrate this point. At the time of clinical 
evaluation, each showed complete left bundle 
branch block. Four had previous normal elec- 
trocardiograms. In addition, two other sub- 
jects had previous abnormal electrocardiograms 
which were compatible with anterior myo- 
cardial infarction. The original tracings ruled 
out a congenital origin of the bundle branch 
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Fic. 1. Case 1. An electrocardiogram compatible 
with myocardial infarction of the inferior wall and a 
normal vectorcardiogram. There is a Q in leads nr, 
ui and aVF and the Q; is 0.04 second. The vector- 
cardiograms are (left to right) frontal plane, sagittal 
plane, center enlargement of frontal plane and center 
enlargement of the sagittal plane. The frontal plane 
is oriented as if one were facing the patient and the 
sagittal view is the same as a left profile view. An 
extracted Q; from the vectorcardiogram would have a 
duration of only 0.025 second which is insignificant. 


block in each case. ‘here was no interim his- 
tory which would suggest myocardial damage 
from an infectious disease or a metabolic dis- 
order. For these reasons, each of these sub- 
jects is thought to have left bundle branch 
block secondary to a previous infarction. 


ILLUSTRATIVE CASES 


The following five illustrative cases serve to 
indicate some of the typical consultations at the 
School of Aviation Medicine. 


Case 1. Normal Variation vs. Inferior Myocardial 
Infarction. J. B. was a forty-two year old navigator. 
A routine electrocardiogram at the time of his annual 
physical examination was compatible with a myo- 
cardial infarction of the inferior wall (Fig. 1). He 
denied any symptoms referable to the cardiovascular 
system, and engaged in a reasonable amount of 
physical activity. There were no significant findings 
on physical examination. The electrocardiogram 
became relatively normal when recorded during 
inspiration, with marked diminution in the duration 
and amplitude of the Q waves in lead m. The 
vectorcardiogram with an electrically balanced lead 
system demonstrated that initial forces directed up- 


Fic. 2. Case 2. Frontal and sagittal views of the 
vectorcardiogram (upper left), electrocardiogram (lower 
left) and leads 1, 1 and 1m recorded at 100 mm. per 
second (right). The routine electrocardiogram is ab- 
normal with an isoelectric T; and a broad Q; of over 
0.04 second in duration accompanied by a Q in leads u 
and aVF and upright P;. The frontal plane of the 
vectorcardiogram shows the QRS loop directed away 
from a muscular area of the heart (electrically balanced 
lead 111) for over 0.04 second, suggesting infarction of 
the inferior wall. In the vectorcardiogram the frontal 
plane is oriented as if one were facing the subject and 
the sagittal plane is a left profile view. 


ward were of short duration and within normal limits. 
It was thought that these findings were insufficient 
to warrant the diagnosis of any disease. 


Comment: Although this officer demonstrated 
an abnormal routine electrocardiogram which 
was compatible with infarction, thorough clin- 
ical investigation demonstrated no _ history 
or findings suggestive of infarction or impaired 


coronary circulation. The normal vector- 
cardiogram obtained with the electrically bal- 
anced bipolar reference system supports the 
concept that the electrocardiographic pattern 
resulted from factors of body build and elec- 
trical conductivity. This demonstrates that a 
single baseline abnormal electrocardiogram 
may not be sufficient basis for establishing the 
diagnosis of previous myocardial infarction. 
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Fic. 3. Case 3. Frontal, sagittal and horizontal plane 
vectorcardiograms (upper panel). The latter vector- 
cardiogram is enlarged. The electrocardiogram (lower 
panel) and vectorcardiogram are abnormal, compatible 
with anterolateral myocardial infarction. The QRS 
loop in the transverse plane is inscribed in a clockwise 
fashion and directed posteriorly, just opposite to the 
normal vectorcardiogram. 


Case 2. Silent Inferior Myocardial Infarction. W.H. 
was a forty year old pilot who had a routine electro- 
cardiogram at the time of his annual physical 
examination. This record demonstrated a deep Q 
wave of 0.04 second duration in lead m, with Q 
waves in leads mn and aVF (Fig. 2). Thus, the 
record was compatible with infarction of the inferior 
wall, and it was requested that this officer be clini- 
cally evaluated. His past history was non-contribu- 
tory for cardiovascular disease or for symptoms sug- 
gesting coronary occlusion. His physical activity 
was moderate. Electrocardiograms and quantita- 
tive vectorcardiograms demonstrated abnormal ven- 
tricular excitation and recovery, with the T forces 
directed away from the QRS forces. These findings 
were considered compatible with myocardial infarc- 
tion of the inferior wall. 


Comment: The clinical procedures for evaluat- 
ing a person with an abnormal electrocardio- 
gram did not provide information which would 
permit the exclusion of the diagnosis of healed 
myocardial infarction. The demonstration of 
an abnormal vectorcardiogram using an elec- 
trically balanced reference system plus the 
persistence of the abnormality with inspiration 
suggests that the abnormality cannot be at- 
tributed to body build, electrical conduction or 
position of the heart. This officer is one of a 
group of seventeen persons in whom the diag- 
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Fic. 4. Case 3. A precordial map demonstrates that 
the QS deflections in the precordial leads are not due to 
electrode position or are they confined to an isolated 
area. 


nosis of previous infarction has been established 
or could not be excluded. 


Case 3. Silent Anterior Myocardial Infarction. J. W. 
was twenty-three years old when a routine electro- 
cardiogram was obtained for the repository. The 
record was grossly abnormal with a large deep Q 
wave over 0.04 second in duration in leads 1, aVL 
and Vz with QS deflections in leads V3, V4 and V5 
(Figs. 3 and 4). He was completely asymptomatic 
with no significant past history suggestive of infarc- 
tion, myocarditis or trauma. Family history was 
non-contributory. Results of physical examination 
were negative with the exception of slight obesity 
with a height of 70 inches and weight of 192 pounds. 
The blood cholesterol was 267 mg. per cent. 

Evaluation included a vectorcardiogram which was 
abnormal. The initial portion of the QRS loop 
moved rightward followed by a posterior course. 
This resulted in a transverse plane opposite to that 
seen in the normal vectorcardiogram. A precordial 
map (Fig. 4) demonstrated persistent QS deflections 
in leads V3, Vs and Vs regardless of which inter- 
space was used. A double Master exercise test was 
normal. 


Comment: This grossly abnormal electro- 
cardiogram could only result from damage to 
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Case 4. Left bundle branch block following abnormal electrocardi- 
Frontal, sagittal and 


Fic. 5. 
ogram compatible with infarction of the anterior wall. 
horizontal plane vectorcardiograms showing left bundle branch block (upper 


panel). The QRS loop is directed posteriorly in the sagittal plane. In the 
transverse plane the initial component is directed posterior and to the left in- 
scribing a clockwise loop. The electrocardiogram (lower left) was obtained 
routinely and is grossly abnormal. The subsequent tracing one year later 
taken at the same time as the vectorcardiogram (lower right) demonstrates left 


bundle branch block. 


the anterolateral myocardial wall. The most 
likely cause is coronary artery disease. Con- 
genital variation in the coronary arteries, 
trauma and rare diseases cannot be excluded. 
The value of the electrocardiogram in detect- 
ing such a case in a young asymptomatic sub- 
ject is clearly pointed up here. This is one of 
the few cases in which we felt an anatomic diag- 
nosis was permissible on the basis of the elec- 
trocardiogram or vectorcardiogram alone. 


Case 4. Silent Anterior Infarction Followed by Left 
Bundle Branch Block. L.D. was a thirty-one year old 
pilot who had a routine electrocardiogram recorded 
in 1957 at the time of his annual physical examina- 
tion. This record demonstrated rudimentary R 


waves in leads Vi, V2 and V3 with inversion of the T 
waves in the same leads (Fig. 5). These findings 
were strongly suggestive of myocardial infarction of 
the anterior wall, and it was requested that he be 
evaluated clinically. He gave no history suggesting 
any cardiovascular disease, had no symptoms re- 
ferable to the heart and appeared to be in good 
health. In March 1957, he fell from a truck and 
sustained a linear fracture of the occiput, with 
transient neurologic signs. Except for amnesia for 
a twenty-four-hour period following the accident, 
neurologic follow-up examination six months later 
was normal. 

He was removed from flying status at the time of 
the injury to the head but was seen at the School of 
Aviation Medicine in November 1958 for evaluation 
of his cardiovascular status and the abnormal elec- 
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trocardiogram. Results of physical examination 
were negative except for a grade 1 (scale of 6) 
systolic murmur along the left sternal border and at 
the apex. The electrocardiogram revealed com- 
plete left bundle branch block. 


Comment: The features of an asymptomatic 
myocardial infarction which occurred in a pilot 
thirty-one years of age, followed by the de- 
velopment of left bundle branch block, are 
present here. The infarction was entirely with- 
out symptoms, but was manifested by the initial 
electrocardiogram and the subsequent de- 
velopment of complete left bundle branch 
block. Without the previous abnormal elec- 
trocardiogram, one might have been misled 
into thinking that left bundle branch block in 
this young subject of healthy appearance was 
innocuous and without importance. 


Case 5. Acute Myocardial Infarction. S. B. was a 
twenty-four year old navigator in good health until 
July 1958. After vigorous exercise for about forty 
minutes, to which this officer apparently was accus- 
tomed, he drank a bit of cold water. About ten 
minutes later, he noted the onset of a dull ache in the 
mid-sternum with radiation to the left shoulder and 
arm. This pain changed in intensity, but one hour 
later was of sufficient severity to cause him to seek 
medical treatment. Blood pressure was noted to be 
150/102 mm. Hg, pulse was 104 per minute, serum 
glutamic oxaloacetic transaminase (SGOT) was 150 
units and the electrocardiogram showed elevation of 
the S-T segments in leads mn and m. Pain gradually 
disappeared, the SGOT level returned to 20 units 
within three weeks and the electrocardiogram under- 
went serial changes with subsidence of the S-T seg- 
ment changes and the T wave inversion. 

This officer was seen at the School of Aviation 
Medicine two months after the acute episode, at 
which time he was entirely asymptomatic. Results 
of general physical examination were normal and 
laboratory procedures revealed no abnormalities. 
The electrocardiogram revealed a normal sinus 
rhythm with a rate of 60 per minute. All intervals 
were normal. The mean QRS axis was +75 
degrees with transition at lead V4. Mean T axis 
was —15 degrees with inversion of the T waves over 
the anterior precordium. There was a variable Q 
wave in leads n, mt and aVF. This record was con- 
sidered compatible with myocardial infarction of the 
inferior wall, and this was substantiated by the 
quantitative vectorcardiogram. 


Comment: The residual changes in this officer’s 
electrocardiogram two months after his acute 
episode were slight and could disappear com- 
pletely with more time. It is interesting to 
speculate on the etiology of the infarction. A 
baseline electrocardiogram taken for the Elec- 
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trocardiographic Repository in January 1958 
was normal except that it demonstrated atrial 
rhythm with diphasic P waves in leads un, 
m1 and aVF. Serial records taken during his 
hospitalization showed similar intermittent var- 
iation in the location of the pacemaker. 

The presence of an intermittent atrial rhythm 
suggests the presence of vagal inhibition in dis- 
placing the normal pacemaker. It might be 
assumed that such a cardiovascular response 
to vagal stimuli was rather marked. Coupled 
with this is the observation that this officer was 
accustomed to vigorous exercise, and that his 
pain was precipitated by drinking cold water, 
which may produce vagal stimulation. Two 
possible results might be expected from such 
strong vagal stimuli: sufficient bradycardia 
might occur to produce coronary insufficiency ; 
or the major coronary vessels might be con- 
stricted to a degree which could produce acute 
coronary insufficiency. It is true that a large 
number of myocardial infarctions in young 
people are associated with coronary artery 
disease. On the other hand, the role of reflex 
(vagal) mechanisms in the production of 
coronary insufficiency with subsequent myo- 
cardial infarction in young subjects has not been 
adequately investigated, and frequently is not 
considered as a possible etiology. 


COMMENTS 

The military flying population is a highly 
selected one, and is required to meet rigid phys- 
ical standards. These subjects have been care- 
fully screened on initial selection and by periodic 
examination, so it may be assumed that those 
with symptoms, history or physical findings 
suggestive of myocardial infarction have been 
excluded. The military flying population is not 
comparable with any reported in the literature. 
The latter are either self-selected (as by symp- 
toms in Yater’s series’), or have different age 
distribution (as in Gould’s? and Landman’s® 
series). 

It has not been common for the School of 
Aviation Medicine to evaluate flying personnel 
in whom the classic signs and symptoms of 
myocardial infarction develop. Those who 
survive are not suitable for flying duties and 
are relieved from such duty without reference to 
the School. Occasionally, inaccurate diagnoses 
or unrecognized histories have resulted in referral 
for evaluation. Lamb and Kable® have re- 
ported the case of a twenty-one year old avia- 
tion cadet who suffered an extensive antero- 
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lateral myocardial infarction. However, Air 
Force regulations now require that electro- 
cardiograms of flying personnel be forwarded 
to the USAF Electrocardiographic Repository 
at the School of Aviation Medicine. To the 
extent that this procedure is followed by Air 
Force physicians, the Repository will develop a 
longitudinal study of the occurrence of myo- 
cardial infarction in the Air Force flying popula- 
tion that can be detected by serial electrocardio- 
grams. 

More commonly seen are subjects referred for 
evaluation of borderline electrocardiograms, but 
who give no history of cardiovascular disease, 
have had no symptoms referable to the cardio- 
vascular system and who lead active lives in the 
military service. 

Incidence and Symptoms of Coronary Sclerosis and 
Myocardial Infarction in Young Men: Experience 
with this type of patient at the School of Avia- 
tion Medicine confirms two important views 
which have now become well established in the 
medical literature, and which are enjoying in- 
creasing acceptance by physicians: 

(1) Arteriosclerosis of the coronary arteries of a 
degree which probably impairs coronary circulation 
occurs in a sizeable percentage of young men, and may 
cause myocardial infarction. 

In evaluating the incidence of myocardial 
infarction, the criteria for diagnosis must be 
carefully examined. Many of the previously 
reported series have excluded persons who did 
not have a “‘typical history’? (Master, Dack 
and Jaffe and Yater et al.‘). For this reason 
these persons must of necessity be symptomatic. 
Thus, atypical cases and cases of silent infarc- 
tion have frequently been excluded from in- 
cidence figures. 

Glendy, Levine and White? reported a series 
of 100 patients less than forty years of age with 
coronary artery disease. ‘Their age distribution 
was as follows: 


Age 
(yr.) 


20-29 
30-34 
35-39 


Average | 33.2 


Master, Dack, and Jaffe! reported on 500 
patients with coronary occlusion. Ten patients 


were less than thirty years of age at the time of 
their initial attack. It must be assumed that 
all these were symptomatic. French and Dock* 
reported eighty fatal cases of uncomplicated 
coronary lesions (all occurring in men). The 
age distribution of their cases was as follows: 


Age No. of 
(yr.) Cases 


20-22 
23-25 
26-28 
29-31 
32-34 
35-36 


Yater et al.4 reported the age distribution of 
866 patients with myocardial infarction (450 
fatal cases with autopsy confirmation, including 
the eighty cases previously reported by French 
and Dock*), as shown in Table m. Enos, 
Holmes and Beyer" reported the findings in 
300 apparently healthy American soldiers 
killed in action in Korea. Although the ages 
of these soldiers ranged from eighteen to forty- 
eight years, with an average age of 22.1 years, 
the authors found gross evidence of coronary 
disease in 77.3 per cent, and found 70 per cent 
or greater occlusion of a coronary artery in 
10.6 per cent. 

(2) Myocardial infarction of a size sufficient to 
produce definite changes in serial electrocardiograms 
may occur without symptoms or with such vague 
symptoms that they are not considered to be related to 
the heart. 


TABLE III 
Age Distribution of 866 Cases of Myocardial Infarction, 
of the Total U. S. Army, and the Relative Incidence of 
Infarction, by Five-Year Age Groups* 


Age | per 1,000 | 
(yr-) Popula- | 


Less than 


* Data from Yater et al.4 
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| 20 
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20-24 37.7 0.197 16:1 
30-34 31.4 16.3 1.914 160:1 
35-39 44.7 5.9 7.576 731:1 
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Herrick’ described the clinical features of 
acute coronary occlusion in 1912. The pain 
associated with myocardial infarction has been 
described in great detail, and has become so 
intimately associated with the diagnosis that 
many of the series which deal with incidence of 
myocardial infarction will exclude all patients 
that do not have “typical symptoms.” Gould’ 
expressed a variation of this idea when 
he stated: ‘“‘Nearly all the patients with fresh 
myocardial infarction who do not suffer car- 
diac pain give a history of dyspnea or weakness.” 

French and Dock* commented: “It should be 
emphasized, however, that only 6 of the 39 
men whose hearts showed old areas of fibrosis 
had reported any complaint prior to the fatal 
attack; hence, it is possible that the actual in- 
cidence of coronary disease in the age group 
under analysis is much more frequent than is 
suggested by clinically recognizable and fatal 
cases.” Thus, thirty-three patients in their 
series of eighty had experienced previous myo- 
cardial infarction without reported symptoms. 

Landman et al.* studied asymptomatic myo- 
cardial infarction. In reviewing the clinical 
history of 255 patients who showed evidence of 
myocardial infarction at autopsy, they found 
that pain, shock, dyspnea and congestive failure 
had been absent during life in twenty-eight 
persons (11 per cent). All were persons over 
forty years of age. Zinn and Cosby” reported a 
series of 679 myocardial infarctions discovered 
during the performance of 5,076 autopsies. 
They commented: “It was recognized early in 
this series that 20 per cent of myocardial in- 
farctions seen at the autopsy table were not 
clinically or electrocardiographically recog- 
nized.” 

Stokes and Dawber" reported that in the 
first four years of the study of 5,209 residents of 
Framingham, Massachusetts, there were sixty- 
seven persons between the ages of thirty and 
fifty years in whom definite electrocardiographic 
evidence of myocardial infarction developed. 
Six (9 per cent of the infarctions) had vague 
pains or other symptoms of varying degrees of 
severity which were not interpreted by the 
patient or the attending physician as mani- 
festations of infarction. They concluded: “A 
significant proportion of myocardial infarc- 
tions are clinically unrecognized.” In a later 
report of the same study, they noted that 20 
per cent of the seventy-three myocardial in- 
farctions occurring in the 5,209 subjects were 
clinically unrecognized.“ In addition to the 
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seventy-three cases of myocardial infarction, 
twenty persons died suddenly under circum- 
stances that strongly suggested the presence of 
myocardial disease. The elecirocardiogram re- 
turned entirely to normal in nine of the forty- 
nine patients (18 per cent) who survived a recog- 
nized infarction. It might be assumed then that 
four additional patients sustained infarction, 
but had neither characteristic symptoms nor 
the electrocardiographic residual. 

Gould and Cawley” reported the incidence 
of infarction in 5,000 consecutive autopsies. 
They found myocardial infarction in 588 
patients (11.8 per cent of all autopsies). They 
found ‘old, unsuspected” infarction in 175 
(29.8 per cent of all infarctions). Electro- 
cardiograms were available for fifty-six persons 
with “‘old, unsuspected” infarctions, and were 
“normal”? in twenty-three cases, and “‘abnor- 
mal’? but not diagnostic of infarction in the 
other thirty-three cases. The authors stated: 
. (silent infarctions) represent 30 per cent 
of all infarcted hearts encountered at autopsy. 
This finding indicates that a myocardial in- 
farction is often well tolerated by the patient. 
(Since the average age was seventy-one years) 
...it is evident that these patients may live 
out their expected life span.” 

Johnson et al.!* reported 143 cases in which 
the presence of acute or healed myocardial 
infarction was established at necropsy. They 
noted that of 113 patients with healed infarc- 
tions, fifty-six (50 per cent) had no clinical 
diagnosis or recorded suspicion of previous 
myocardial infarction. Even among the group 
of patients who were seen repeatedly, 41 per 
cent had no history of angina pectoris or of 
previous acute substernal pain, even though 
severe coronary atherosclerosis and gross myo- 
cardial scars were present at necropsy. 

Electrocardiographic Diagnosis of Silent Myo- 
cardial Infarction: It would appear from these 
series that at least 25 to 30 per cent of all in- 
farctions are undiagnosed clinically. For every 
two or three myocardial infarctions detected, 
there is another which is unrecognized as such. 
There is undoubtedly considerable overlapping 
between the electrocardiograms of normal 
healthy people and those who have suffered 
infarction. For that reason, it is not possible 
to formulate criteria which will differentiate all 
persons who have had infarctions from all those 
who have not, on the basis of a single electro- 
cardiogram. The reports of Surawicz et al.'’ 
and of Weisbart and Simonson'* show the 
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difficulties in attempting to do so in the diag- 
nosis of infarctions of the anterior and inferior 
walls. 

The vectorcardiogram is one of the examining 
technics useful in establishing the diagnosis of 
silent myocardial infarction. Byusing a system of 
three leads which are electrically perpendicular 
to one another and equilibrated in amplitude, 
it is possible to demonstrate the true spatial 
direction of the heart’s electrical forces through- 
out the cardiac cycle. We'® have developed 
and reported a balanced bipolar lead system 
for vectorcardiography which allows the un- 
distorted recording of the electrical forces of 
excitation and recovery. This technic demon- 
strates that many electrocardiograms of the 
Q2, Q;, Qavr pattern which meet the criteria 
for myocardial infarction of the inferior wall 
are in fact the result of lead distortion and not 
the result of any significant electrical forces 
away from an infarcted area of muscle.” 

Stress testing, in the form of exercise, is of 
limited value in substantiating or excluding the 
diagnosis of myocardial infarction. A normal 
Master exercise test, for example, does not rule 
out the existence of a previous healed myo- 
cardial infarction, but only indicates the ade- 
Conversely, 


quacy of the coronary circulation. 
an abnormal exercise tolerance test reflects a 
detectable compromise of coronary circulation 
during exercise, but does not establish the 
diagnosis of previous myocardial infarction and 
has limited predictive value in forecasting 


future infarctions. Over 30 per cent of sub- 
jects with previous known infarctions have 
normal double Master exercise tests.”! 

It is generally agreed that the most certain 
method of establishing the diagnosis of myo- 
cardial infarction from the electrocardiogram is 
by finding significant serial changes in the QRS 
complex, S-T segment and T waves. This 
necessitates recording of a baseline record on 
each subject at an early age, and periodic 
records thereafter, even in the absence of 
symptoms. The USAF Electrocardiographic 
Repository now possesses electrocardiographic 
records on more than 67,000 persons. As 
additional records are collected for these same 
people, this study will assume even greater im- 
portance in the detection of silent myocardial 
infarction, and will be of value for these sub- 
jects as they enter the older age groups. In 
addition, clinical and electrocardiographic fol- 
low up will provide the medical profession with 
valuable data, which will lead to more accurate 


appraisal of the incidence of silent infarctions 
in apparently healthy men and the prognostic 
implications of some “borderline” electro- 
cardiographic findings that may indicate pre- 
disposition to coronary artery disease. 


SUMMARY 


Myocardial infarction as a result of coronary 
artery disease is a disorder which has par- 
ticularly ominous implications for military 
fliers. The effects of an impaired coronary 
circulation and of decreased oxygenation of the 
blood are cumulative, and can be expected to 
compromise the personal health of the flier 
so affected and the safety of flight. 

Electrocardiograms have been recorded on 
more than 67,000 fliers in the U. S. Air Force. 
Abnormal electrocardiograms in this series have 
led to the detailed clinical evaluation of fifty-one 
subjects to determine whether or not they had 
previously suffered an infarction. Of these 
fifty-one, thirty-four were found to be entirely 
normal, but the remaining seventeen demon- 
strated clinical findings that could not be con- 
sidered normal and they are thought to have 
had a previous myocardial infarction. 

Experience with this series of patients con- 
firms two opinions which have been previously 
expressed in the literature: (1) that arterio- 
sclerosis occurs in young people, often to a degree 
that impairs coronary circulation and may 
produce a myocardial infarction; and (2) 
that a significant portion (usually estimated 
at 25 to 30 per cent) of all infarctions occur 
without symptoms or with vague symptoms that 
are not related to the heart. 
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Electrocardiographic Findings in 67,375 


Asymptomatic Subjects 


X. Normal Values* 


Capt. RoLtanp G. Hiss, Mc, UsAF, LAWRENCE E. M.D., F.A.C.C. and 
MARGARET F. ALLEN, M.S. 


San Antonio, Texas 


ANY studies have been conducted to 

describe the normal electrocardiogram 
and to delineate the range of variation of its 
several component parts. Each of these studies 
has added greatly to the understanding of elec- 
trocardiography and has enhanced the utility 
of the electrocardiogram as a diagnostic tool 
in clinical practice. The problem of what may 
be expected as normal variation and what must 
be viewed with suspicion, however, is far from 
settled. 

Many previous analyses have outgrown their 
usefulness. Some investigations':’> were con- 
ducted before the precordial and augmented 
unipolar limb leads were introduced, and nor- 
mal values so obtained have limited value in 
interpretation of the twelve-lead electrocardio- 
gram in common use today. Others were 
based on a relatively small population and thus 
have statistical limitations in defining the nu- 
merous variables of the electrocardiogram. The 
Criteria Committee of the New York Heart 
Association’ attempted to overcome this short- 
coming by compiling the statistics of several 
authors into one set of tables. Electrocardio- 
grams recorded by a number of technics and 
interpreted in a variety of ways on a hetero- 
geneous group of subjects were combined. 
Useful application of pooled statistics of this 
type to the general population is difficult. 
Simonson‘ has elaborated on these criticisms. 

Electrocardiograms obtained on 67,375 asymp- 
tomatic men in the U. S. Air Force have made 
available a large number of normal records.® 
The tracings in this highly select group of men 
provide a unique source from which data on 


the normal electrocardiogram can be obtained 
and also afford an opportunity to determine 
normal electrocardiographic variation at dif- 
ferent age levels. 

The purpose of this paper is to provide the 
frequency distribution, and other statistical 
data when applicable, to all parts of the elec- 
trocardiogram which are commonly assessed 
during diagnostic interpretation, and to separate 
these data into five-year age groups when there 
seemed to be variation with age. 


MATERIAL AND METHODS 


Approximately 1,000 records were chosen by a 
process of random selection for each five-year seg- 
ment of the adult population from the mass of 
records on the U. S. Air Force flying personnel. The 
age groups are listed in Table 1. 

The necessity for including all subjects forty-five 
years of age and above in one group was due to the 
smaller number of subjects of this age in our total 
The first and last age groups do not repre- 
sent a selection from the total survey, but rather all 
available normal records in these age ranges. The 
majority of the first age group (sixteen to nineteen 
years) consisted of aviation cadet applicants on 
whom a routine electrocardiogram was recorded as 
part of their selection physical examination. All 
other subjects in this study are subject to yearly 
physical examinations, stringent medical standards 
and close medical scrutiny by their respective flight 
surgeons. ‘Thus, the incidence of significant cardiac 
disease would be expected to be as low or lower than 
most segments of the American population. 

Selection of Records: Following basic selection by a 
random sampling method, electrocardiograms were 
excluded from the study if they showed any of the 
following diagnostic entities: sinus arrest with or 


series. 


* From the Department of Internal Medicine, School of Aviation Medicine, The Aerospace Medical Center 


Brooks Air Force Base, San Antonio, Texas. 
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TABLE I 
Number of Records Analyzed in Each Age Group 


Age No. of 
Range Records 
ts | (yr.) Analyzed 

1 | 16-19 1,077 

2 | 20-24 931 

3 | 25-29 926 

4 30-34 825 

5 35-39 903 

6 40-44 805 

7 Over 45 547 

Total 16-58 6,014 


without escape, any arrhythmia involving a pace- 
maker other than the sinoatrial node (which in- 
cluded all premature beats whether of supraven- 
tricular or ventricular origin), any A-V conduction 
defect (the upper limit of P-R interval was arbi- 
trarily set at 0.20 second at the beginning of the 
study), significant intraventricular conduction defects 
such as the Wolff-Parkinson-White (WPW) syn- 
drome, right bundle branch block and left bundle 
branch block, non-specific T wave changes and 
tracings with undeniable evidence of previous myo- 
cardial infarction. Records were not excluded if 
they demonstrated any one of the several minor elec- 
trocardiographic variations such as sinus tachycardia, 
sinus bradycardia, sinus arrhythmia, minor varia- 
tions of intraventricular conduction, marked right or 
left axis deviation, marked increase or decrease in 
QRS voltage, variations in P wave contour or doubt- 
ful evidence of myocardial infarction. No record 
was excluded because of evidence suggestive of left 
ventricular hypertrophy, as it was our opinion that 
such a diagnosis on the basis of the electrocardiogram 
alone is always tenuous, and to exclude such tracings 
from a series of normal values might introduce a bias. 
Only one tracing was excluded because of electro- 
cardiographic evidence of right ventricular hyper- 
trophy; this tracing showed such extreme changes 
that a diagnosis of mitral stenosis was suspected. 
The diagnosis was later clinically confirmed. 

Other tracings were excluded because technical 
error in the recording was so extreme that accurate 
reading of the various complexes could not be car- 
ried out. Tracings without all twelve routine leads 
were similarly excluded. The number of tracings in 
each of the seven age groups which were finally 
selected for detailed analysis is given in Table 1. 

Most electrocardiograms in this study were re- 
corded on a direct writing instrument. Since the 
records were made at numerous Air Force Bases 
throughout the world by a variety of technicians, 
they are comparable to records obtained in clinical 
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practice. Although it might be argued that photo- 
graphic instruments are more precise, it is a fact that 
they are not used as frequently as direct writing 
instruments. Thus, standards based on tracings 
obtained from direct writing instruments are more 
applicable to the common clinical situation. 

Analysis of the record included determination of 
heart rate, P wave duration, P wave amplitude, P 
axis in the frontal plane, P-R interval, QRS dura- 
tion, Q-T interval, Q-U interval, duration of the S 
wave in lead V2, duration of the R wave in lead V2, 
QRS axis in the frontal plane and transition in the 
precordial leads, axis of the S-T segment vector and 
its greatest amplitude in the frontal plane, determina- 
tion of the S-T segment elevation in the precordial 
leads and its greatest amplitude, T axis in the frontal 
plane and transition in the precordial leads, QRS 
amplitude in leads 1, aVF, V2 and V., T wave ampli- 
tude in the same four leads, the spatial QRS-T 
angle, the presence or absence of Q waves in leads 
I, 0, m, aVL and aVF, their duration and amplitude 
when present, the presence or absence of the S,S» 
and the S,S.S; configurations, and a tabulation of 
the ratio of R to S waves in leads V; and V2 when 
greater than 1. All measurements of amplitude 
were corrected for standardization (1 cm. = 1 mv.). 
The height and weight of each of the subjects whose 
electrocardiograms were studied were nearly always 
obtained. The age was known in all cases. These 
data were entered on IBM cards for statistical 
tabulation. Several mathematical calculations rela- 
tive to QRS and T wave amplitude were later per- 
formed. 

The detailed reading was performed by one of us 
and five electrocardiographic technicians trained for 
the project. A uniform method for each determina- 
tion was agreed upon and the first 1,000 tracings 
were read by a technician and one of us so that 
variations of technic between the readers were 
resolved at the onset. 

Finally, the results were tabulated as percentage 
distributions for each age group. Determinations 
of the first, second and third quartile* were made in 
all instances, but are presented only for those deter- 
minations which differed from one age group to the 
next. A large number of bivariate distributions 
were compiled whereby the frequency of one variable 
with respect to another was compared. Much of the 
data relative to QRS amplitude, QRS axis, age and 
body weight were subjected to statistical analysis 
with determination of correlation coefficients. The 
frequency distributions and quartiles are presented 
in tabular form. The statistical correlations appear 
in the body of the text. 


* The three quartiles separate an ordered series into 
four equal parts so chosen that 25 per cent of the series 
had a value no greater than the first quartile, 50 per 
cent had a value no greater than the second quartile 
and 75 per cent had a value no greater than the third 
quartile. The second quartile is the median. 
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TABLE II 
Height in Inches 
Quartiles by Age Group 


Quartile 


Age Group 
(yr.) 


45 and > 


TABLE UI 
Body Weight in Pounds 
Quartiles by Age Group 


Age Group 
(yr.) 


30-34 


35-39 40-44 45 and > 


157 159 160 
172 172 174 
184 185 187 


TABLE IV 


Relative Weight* 
Percentage Distribution by Age Group 


Relative 
Weight 


Age Group 
(yr.) 


Categories 


Number of persons 
weight unknown 


* For explanation of relative weight definition, see text. 


RESULTS 


Height: The range of height of the subjects 
in this study was 62 to 77 inches. There was 
no apparent variation with age. Table u 
shows the first, second and third quartiles for 
height by age group. 

Weight: The upper and lower extremes of 
body weight were 100 and 269 pounds. The 
quartiles by age group are given in Table 
mi. Figure 1 shows the percentage distributions 
of weight by age group. It is of interest to note 


the increased number of heavier subjects in the 
older age groups. Further comment on this 
finding will be given in the section on QRS amp- 
litude. 

Relative Weight: 


All subjects were divided 
into one of five relative weight categories based 
on standard height-weight tables given in Air 


Force Manual 160-1. The standards for the 
twenty-six- to thirty-year bracket were used for 
all subjects regardless of their age. We were 
of the opinion that a sliding scale of allowable 
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<20 20-24 25-29 30-34 35-39 40-44 All 
First 68!1/> 683 /, 683/, 68!/> 68!/> 68 681/, 
Second 70 70!/, 70'/¢ 70 70 70 70 70'/,4 
Third 713/, 72 713/, 72 
<20 20-24 25-29 All 
First 143 150 155 160 153 
Second 154 162 168 173 168 
Third 169 178 181 187 182 
<20 20-24 25-29 30-34 35-39 40-44 45 and > All 
1 10.9 4.5 Be 1.3 0.3 0.4 0.8 3.3 
2 19.7 11.6 8.9 5.1 4.6 3.1 2:3 8.7 
3 43.0 41.5 37.8 32.5 28.5 26.4 te 34.8 
4 15.4 20.4 21.6 22:3 26.1 24.0 24.6 21.6 
5 11.0 22.0 30.1 38.8 40.5 46.2 44.7 31.6 
P| 20 23 23 28 25 21 30 170 
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Percentage distribution of body weight within each age group. Each point on 


the plot includes the per cent of subjects with weights up to 9 pounds above the cor- 


responding abscissa value. 
all subjects weighing up to 149 pounds. 
jects with each older age group. 


increased weight with increased age would un- 
justifiably mask a great deal of obesity found 
in the older persons. The five categories were 
defined as follows: category 1, standard weight 
for a given height minus 20 pounds or more; 
category 2, standard weight for a given height 
minus 10 to 19 pounds; category 3, standard 
weight for a given height plus or minus 9 
pounds; category 4, standard weight for a 
given height plus 10 to 19 pounds; and cate- 
gory 5, standard weight for a given height plus 
20 pounds or more. 

Table tv gives the percentage distribution of 
these five categories within each age group and 
Figure 2 shows the percentage of normal 
(category 3), underweight (categories 1 and 
2) and overweight (categories 4 and 5) subjects. 
[here was a marked increase of relative weight 
with increased age. A comparison of relative 
weight to height and heart rate revealed no 
narked relation. 


HEART RATE 


The heart rate was determined in leads 
1 and Ve, with the latter used as the arbitrary 
heart rate for the entire tracing. The heart 
rate for the standard bipolar extremity leads 
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For instance, a point corresponding to 140 pounds includes 
Note the increase in percentage of heavier sub- 


80 


70 


7 
50 7 


30 


PERCENT 


10 +— 


<20 20-24 «25:29 30-34 35-39 40-44 45+ 
AGE BY 5 YEARS 


Fic. 2. Percentage distribution of relative weight 
within each age group. Solid line represents subjects 
plus or minus 9 pounds of their standard weight for a 
given height. Broken line represents subjects 10 pounds 
or more underweight for their height. Dash-dot line 
represents subjects 10 pounds or more overweight for 
their height. Standards are based on the twenty-six 
to thirty-year group of the height-weight table given in 
AFR 160-1.° 


__ 
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TABLE V 
Heart Rate* 
Quartiles by Age Group 


Quartile 


Age Group 


| 45 and > | 


First 
Second 


Third | 


62 
70 
78 


* Heart rate measured in beats per minute in lead V2. 


(which are usually recorded first) often is in- 
creased when compared to the precordial leads. 
This is a result of anxiety which tends to abate 
during recording. The heart rate in lead V2 
is a more reliable index of the usual rate. The 
range of heart rates was from 39 to 129 beats 
per minute. Table v gives the quartiles by 
age group of heart rate and Figure 3 shows the 
per cent of subjects in each age group with heart 
rates of less than 60 per minute. There was 
only a slight decrease in the per cent with a 
heart rate of less than 60 per minute from the 
youngest to the oldest age group. The decrease 
in bradycardia with advancing age was not as 
marked as found by Packard et al.’ in their 
follow-up study of 1,000 Naval aviators orig- 
inally investigated by Graybiel et al.2~ When 
these subjects were first studied they were be- 
tween twenty and thirty years of age, and 39 
per cent had heart rates below 60 per minute; 
only 6 per cent of the same subjects had heart 
rates this low ten years later. The slight in- 
crease of heart rate with age in our series com- 
pares favorably with the data obtained by 
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PERCENT 


| 


| | 


| 
<20 20-24 25:29 30-34 35°39 40-44 45+ 
AGE BY 5 YEARS 


Fic. 3. Percentage of subjects with heart rates less 
than 60 beats per minute in each age group. This 
slight decrease in the incidence of bradycardia reflects 
decrease in vagal tone with age. 


Simonson and Keys,* who noticed a decrease 
of only 0.016 second of the mean R-R interval 
in their older subjects (forty-five to fifty-five 
years) as compared to their younger subjects 
(eighteen to twenty-five years). 

Heart rates in each age group were compared 
to the corresponding heights and weights in 
the form of bivariate frequency distributions. 
There was no apparent relation of either height 
or weight to heart rate and these data are there- 
fore not presented. 


P WAVE 


Duration: The duration of the P wave was 
measured from that point at which the base- 
line was first interrupted by an upward de- 
flection until it returned. The longest P wave 
duration in any limb lead was determined; 
it was usually in lead u. Table vi gives the 
percentage distribution of P wave duration for 
the entire series; there was no apparent varia- 
tion with age. 

The range of P wave duration varied from 
0.06 through 0.15 second; the median was 
0.11 second with the first and third quartiles 


TABLE VI 


Greatest P Wave Duration in Frontal Plane 
Percentage Distribution of Entire Series * 


Greatest P Wave 
Duration in 
Frontal Plane 
(sec.) 


Per Cent 


.06-0.07 
.08-0.09 
.10-0.11 
.12-0.13 
.14-0.15 


* There was no apparent variation among age groups. 
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(yr.) 
<20 20-24 25-29 | 30-34 35-39 40-44 Po All 
58 59 60 60 61 
66 66 67 68 70 70 68 
PF 76 74 75 76 77 78 77 
= 
0 0.3 
0 17.6 
0 54.4 
0 26.4 
= 
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TABLE VII 


Greatest P Wave Amplitude in Frontal Plane 
Percentage Distribution of Entire Series* 


Greatest P Wave 

Amplitude in 

Frontal Plane Per Cent 
(mv.) 
0.05 31.2 
0.10 49.9 
0.15 15.8 
0.20 2.9 

0.25-0.35 0.3 


* There was no apparent variation among age 
groups. 


0.10 and 0.12 second, respectively. The mode 
was 0.10 second. ‘These values are somewhat 
higher than listed by other authors.!?:* The 
method of determination of this value is partly 
responsible for discrepancies between various 
series. Also, some previous studies were 
performed on photographic records of three 
limb leads. In this series these values were ob- 
tained from direct writing instruments using 
all six limb leads. ° 


Amplitude: P wave amplitude and all other ampli- 
tudes were measured using the bottom edge of the 
stylus line as the reference point. In this way, the 
thickness of the line did not influence the amplitude 
measurements. The greatest P wave amplitude of 
any extremity lead was utilized, which in most cases 
was lead u. Selecting the greatest P wave amplitude 
regardless of the limb lead in which it appeared 
avoided the problem of misleading statistics resulting 
from discrepancy between a lead axis and the axis 
of the vector concerned. Simonson‘ has pointed 
out the potential error in determining normal ranges 
for values on an individual lead basis; for example, 
the P wave amplitude in lead 1 might be small if the 
P axis were +75 degrees, but would be large if the 
P axis were +15 degrees. Determination of mean- 
ingful normal values for P wave amplitude in lead 1 
would have to consider the P axis and the resulting 
table would be cumbersome. Since the object of 
assessing P wave amplitude is to evaluate the greatest 
measurable voltage created by atrial activation, the 
greatest P wave amplitude seen in any lead is critical. 


The values recorded in Table vu do not show 
age breakdown as there was no apparent varia- 
tion between age groups. The range of P wave 
amplitude was 0.05 through 0.35 mv. with most 
records falling between 0.05 and 0.15 mv. 
These values are in general agreement with 
those given by Stewart and Manning,! but are 
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TABLE VI 


P Axis in Frontal Plane 
Percentage Distribution of Entire Series* 


P Axis in 
Frontal Plane Per Cent 
(degrees ) 
— 30 0.3 
—15 0.3 
0 3.8 
+15 5.4 
+30 12.3 
+45 31.6 
+60 25.3 
+75 20.9 
+90 0.1 


* There was no apparent variation among age 
groups. 


higher than those listed by the Criteria Com- 
mittee of the New York Heart Association.* 
However, all previous series have been con- 
ducted on an individual lead basis, and our 
data may be compared only in an approxi- 
mate way. 

P Axis in the Frontal Plane: The axis of the P 
vector in the frontal plane was determined by 
using the standard hexaxial reference system. 
The percentage distribution for different P 
axes in the entire series is presented in Table 
vit. There was no visible variation between 
the several age groups. The range was —30 
through +90: degrees with 95 per cent of the 
subject population falling between the range of 
+15 through +75 degrees. The mode was 
+45 degrees and the median the same. Com- 
parison of the P and QRS axes in the same 
record revealed a general trend, that is, vertical 
P axes were associated with vertical QRS axes, 
and horizontal P axes with horizontal QRS 
axes. 

Inclusion of records in this series with P 
axes of —15 and —30 degrees might be ques- 
tioned on the grounds that these records are 
actually not normal, but represent atrial 
rhythm or a lower focus within the S-A node. 
This cannot be disputed, but arrhythmias of 
this kind are so insignificant that their inclusion 
within the normal range is probably justified. 
Comparable data on P axis from previous 
studies on normal values are lacking. 


P-R INTERVAL 


The P-R interval was measured according to the 
method suggested by the Criteria Committee of the 


t 
t 
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TABLE Ix 


P-R Interval 
Percentage Distribution by Age Group 


P-R Interval 


Age Group 


(sec. ) 


40-44 | 45 and > | 


New York Heart Association,’ namely, the longest 
interval in any of the six bipolar or unipolar extremity 
leads measured from the beginning of the P wave to 
the beginning of the QRS complex whether repre- 
sented by a Q wave or an R wave. It is true that 
on certain occasions a P-R interval measured in this 
manner will be falsely prolonged when early forces 
of ventricular activation are perpendicular to a given 
lead. However, the error incurred here is very 
slight and, as the “‘criteria’”’ states, the cumbersome 
procedure necessary to obtain a more exact value” 
is not worth the increased accuracy. Kossmann!' 
pointed out that the longest P-R interval will be the 
same as that obtained by more exacting calculation 
in 97.4 per cent of cases. 


Table rx shows the percentage distribution by 
age group for the P-R interval. The range for 
this value was 0.10 through 0.20 second. 
We considered P-R intervals above 0.20 second 
as representing first degree A-V block and 
excluded them from this analysis. ‘The in- 
cidence of P-R intervals above 0.20 second in 
our population of 67,375 subjects is discussed in 
another article in this series.'* The frequency 
of P-R intervals of 0.21 and 0.22 second was 
approximately two per 1,000 records and was 
less for longer P-R values. This points up the 
relative rarity of P-R intervals above 0.20 
second and the validity of considering 0.20 
second as the upper limit of normal for prac- 
tical purposes. Several previous studies'?:® 
have set the upper limit between 0.20 and 0.24 
second. 

There appears to be a slight increase in the 
frequency of longer P-R intervals in the older 
age groups. Comparison of P-R interval to 
body weight (regardless of age) indicated a 
slight trend toward longer P-R intervals in 
heavier subjects. The relation of P-R interval 
to height was random. ‘The comparison of 


P-R interval to heart rate indicated a trend 
toward inverse relation, that is, longer P-R 
intervals associated with slower heart rates, but 
this relation was not strong. 

P-R Interval Minus P Wave Duration: To de- 
termine standards for the relative value of the 
isoelectric segment between the end of the P 
wave and the beginning of the QRS complex, 
the P wave duration was subtracted from the 
concurrent P-R interval (Table x). There was 
no apparent variation between age groups. 
Approximately 10 per cent of, all subjects in 
this series had a short isoelectric segment (0.03 
second or less) between completion of atrial 
excitation and the onset of ventricular activa- 
tion. This points up the fact that short P-R 
intervals are commonly seen in the absence 
of arrhythmias and the WPW syndrome. 


Q-T INTERVAL 


The Q-T interval was measured from the 
beginning of the QRS complex to the end of the 
T wave in the lead in which it was the longest. 


TABLE X 


P-R —P Interval 
Percentage Distribution of Entire Series* 


P-R —P Interval 


(sec.) Per Cent 


.00-0.01 
.02-0.03 
.04-0.05 
.06-0.07 
.08-0.09 
.10-0.11 
.12-0.13 


ON 
No 


* There was no apparent variation among agc 
groups. 
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<20 20-24 | 25-29 | 3034 | 3539 | i an 
0.10-0.11 0.3 04 | 0.5 0.4 66 +  e2 0.2 0.4 
0.12-0.13 8.2 6.0 5.4 5.9 8.6 | 8.0 8.4 7.2 
0.14-0.15 33.1 27.9 25.2 27.9 26.0 | 24.7 22.3 27.2 
0.16-0.17 39.7 42.2 39.5 39.6 40.8 | 39.1 40.6 40.2 
0.18-0.19 15.1 18.8 21.2 18.9 17.7 | 20.7 20.1 18.7 
0.20 3.6 4.6 8.2 7.3 “has Ge 8.4 6.3 

| 

0 

0 

0 

0 

0 

0 

0 
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TABLE XI 


Q-T Interval 
Percentage Distribution by Age Group’ 


Age Group 
Q-T Interval (yr.) 
(sec. ) 

<20 20-24 25-29 30-34 35-39 40-44 | 45 and > All 
0.24—0.27 0.1 0.1 0.2 0.1 
0.28-0.31 2.5 1.6 a2 2.7 1.9 
0.32-0.35 24.0 19.5 37.7 14.8 19.9 18.1 17.9 19.1 
0.36-0.39 52.0 47.8 54.4 50.4 §3.5 53.8 53.9 52.1 
0.40-0.43 18.8 27.1 24.8 30.7 23.0 23.7 25.2 24.5 
0.44-0.47 2.5 3.4 1.3 2.8 1.1 | 1.4 | 1.8 2.1 


This was commonly lead Vz. ‘Table x1 gives 
the percentage distribution by age group for 
this interval; there does not appear to be a very 
remarkable variation between age _ groups. 
Simonson and Keys* noted a difference of only 
0.01 second in the mean Q-T values between 
young and older subjects. 

The range of the Q-T interval was 0.24 
through 0.47 second; the median was 0.38 
second for the entire series, and the mode was 
0.36 through 0.39 second. This range is wider 
than those given by Stewart and Manning,! 
Graybiel et al.? and White et al.” As pointed 
out by Simonson,‘ the extremes of a range for 
normal will increase directly in proportion to 
the number of subjects included in the study. 
This accounts for the increase of range in our 
statistics to include Q-T intervals as short as 
0.24 second. 

The inverse relation of the Q-T interval to 
heart rate has been adequately described! and 
was again noted in this study. The variation of 


rate between age groups was so slight that cal- 
culation of a corrected Q-T interval (QT,) was 
not carried out. 


Q-U INTERVAL 


The Q-U interval was measured from the 
beginning of the QRS complex to the end of the 
U wave in the lead in which this value was 
the greatest. In most instances this was lead 
V2 or V3. The Q-U interval determination is 
not accurate since many records have obscure 
U waves which cannot be separated from varia- 
tions of the baseline. This limitation is recog- 
nized and the statistics given for the percentage 
distribution of Q-U interval in Table xm should 
be regarded only as approximate for this reason. 

The range for the Q-U interval was 0.40 
through 0.71 second, with the mode 0.56 through 
0.59 second. The median was 0.56 second; 
the first and third quartiles 0.54 and 0.60 
second, respectively. These values are in 
general agreement with those of Lepeschkin 


TABLE XII 


Q-U Interval 
Percentage Distribution by Age Groups 


Age Group 
Q-U Interval | (yr.) 
(sec. ) 

<20 20-24 25-29 30-34 35-39 40-44 45 and > All 
0.40-0.43 0.5 1.0 0.2 0.6 0.8 oe 0.2 0.6 
0.44-0.47 3.7 1.6 .35 1.0 2.2 1.6 0.9 1.9 
0.48-0.51 13.6 6.4 5.7 6.9 5.2 6.2 §.7 7.4 
0.52-0.55 29.3 29.0 23.8 18.8 24.7 21.2 20.5 24.4 
0.56-0.59 36.3 37.8 42.9 37.6 44.2 42.0 40.2 40.0 
0.60-0.63 | 13.2 17.8 20.8 29.8 20.6 23.6 28.7 21.3 
0.64-0.67 | 3.1 4.9 4.9 5.0 2.5 3.6 3.8 3.9 
0.68-0.71 | 0.3 1.4 0.2 0.4 0.6 0.4 
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TABLE XIII 


QRS Duration 
Percentage Distribution by Age Groups 


QRS 


Duration 


Age Group 


45 and > | 


and Surawicz'* who found the range of Q-U 
intervals in 100 normal subjects was 0.44 through 
0.68 second. There appears to be some in- 


crease of the Q-U interval in our series with age. 
For instance, 47.1 per cent of the first age group 
had a Q-U interval of 0.55 second or less, 
whereas only 27.3 per cent of the last age group 
had a Q-U interval of this amount or less. 


QRS COMPLEX 


Duration: The QRS duration was determined 
in the lead which demonstrated the longest 
value. This was in most instances lead V2 
or V;. Percentage distribution for this duration 
is given in Table xm. The range was 0.05 
through 0.11 second, and the mode was 0.08 
second. There appeared to be some increase 
in the number of subjects with relatively pro- 
longed QRS durations in the youngest age 
groups as compared to the older age groups. 
The percentage of the subjects under thirty 
years with a duration of 0.10 or 0.11 second 
was about twice as large as the percentage of 
the subjects over thirty years with these dura- 
tions. 

These values are in agreement with most 
studies, particularly those of Stewart and Man- 
ning’ and Graybiel et Kossmann’s" state- 
ment that QRS duration above 0.10 second may 
be normal in some persons, but is often more 
indicative of heart disease, is corroborated by 
our figures. Only fifty subjects of the 6,014 
analyzed had QRS durations longer than 0.10 
second, such that they represent the extreme 
of normal variation. Although it is doubtful 
that any of these fifty subjects had significant 
heart disease, the relative rarity of this finding 
places a high index of suspicion on any patient 
who may show it. Graybiel et al.” reviewed 


the findings of eleven investigations of QRS 
duration performed prior to 1944. Most of 
these series included a few subjects with QRS 
durations of 0.11 or 0.12 second without evi- 
dence of heart disease. Lepeschkin and Sura- 
wicz* noted a direct relation between QRS 
duration and body height. Comparison of the 
QRS duration to height in our series cor- 
roborated the observations of these workers. 
Body weight and QRS duration did not appear 
to be related. 

R Wave Duration in Lead V2? The R wave 
duration in lead V2: was determined in all 
tracings, and the over-all percentage distribu- 
tion for this value is given in Table x1v. There 
appeared to be no apparent variation with 
age. The range was zero through 0.06 second 
with all quartiles at 0.03 second. Our purpose 
in obtaining these statistics was an attempt 
to delineate normal variation of intraventricular 


TABLE XIV 


Duration of R and S Waves in Lead V2 
Percentage Distribution of Entire Series* 


S Wave 
Duration in 


Lead V2 


R Wave 
Duration in 
Lead V2 


Duration 
of Wave 
(sec. ) 


* There was no apparent variation among ag¢ 
groups. 
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(yr.) 
(sec. ) 
<20 20-24 25-29 | 30-34 35-39 40-44 | AI 
05 0.1 0.3 > 0.1 0.4 | 0.5 0.7 0.3 
06 4.4 4.2 oe 6.1 4.5 4.8 8.6 5.0 
07 17.9 16.3 1 228 25.4 19.9 
08 48.1 46.2 48.9 | 48.6 48.7 48.3 42.4 47.6 
09 20.9 22.3 19.5 | 20.2 19.5 | 16.0 17.2 19.6 
10 8.0 9.1 a3. 5.1 4.2 | 4.7 4.9 6.7 
11 0.6 1.5 0.9 | 0.5 0.8 0.7 0.7 0.8 
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TABLE Xv 


QRS Axis in Frontal Plane 
Percentage Distribution by Age Group 


e Grou 
QRS Axis in 
Frontal Plane 
(degrees) 
<20 20-24 25-29 30-34 35-39 40-44 45 and > All 
—90 0.1 0.02 
—75 0.2 0.4 0.08 
— 60 ; 0.1 : 0.4 0.2 0.1 0.9 0.2 
—45 0.5 0:5 0.4 0.2 0.2 LA 1.1 0.5 
—30 0.3 1.6 0.5 1.0 tz 1.4 2.4 3.3 
—15 0.3 0.4 0.4 3.2 5.9 2.0 
0 0.7 2.0 Be 5.2 4.3 §.7 8.6 3.9 
+15 1.1 2.9 3.8 4.0 9.6 9.4 10.6 5.5 
+30 5.4 6.2 8.3 10.7 9.7 11.4 14.4 9.0 
+45 7.6 12.4 12.5 20.9 21.6 22.0 17.6 15.8 
+60 | 19.5 18.6 20.7 22.4 19.4 16.5 14.6 19.1 
+75 | 40.1 38.3 36.2 24.4 24.8 20.7 18.6 30.2 
+90 19.9 13.0 10.8 ts 4.5 4.5 9.9 
+105 | 3.8 2.4 1.9 1.5 1.1 1.2 0.9 2.0 
+120 0.1 Ns 0.2 0.06 
Indeterminate | 0.7 1.5 0.8 0.2 0.9 | 0.6 0.5 0.8 
conduction. Lead Vz: is an anteroposterior QRS Axis in the Frontal Plane: The QRS axis 


coordinate, or Z axis. An R wave in this lead 
represents electrical forces directed anteriorly 
and often means persistent electrical activity 
in the right ventricle. 

S Wave Duration in Lead V2: The frequency 
distribution for the duration of the S wave 
in lead V2 for the entire series is also given in 
Table x1v. The range for the S wave in lead 
Ve was 0.01 through 0.08 second with median 
and mode at 0.05 second. Variation with age 
was extremely slight, and amounted to a mini- 
mally increased frequency of prolonged S waves 
in the younger age groups as compared to the 
older age groups. This finding may be related 
to an increased incidence of physiologic hy- 
pertrophy in the younger subject. 


in the frontal plane was determined on the basic 
hexaxial reference system. Determinations 
were made to the nearest 15 degrees as it is our 
opinion that this is the limit of accuracy ob- 
tainable from standard, unbalanced electro- 
cardiographic leads. Table xv shows the per- 
centage distribution for QRS axis in the frontal 
plane by age group, and Figure 4 provides a 
graph of the values. Table xvi provides the 
quartiles for each age group. (The quartiles 
were based on an arrangement of the values 
starting with the most negative, —90 degrees, 
and progressing clockwise to the most positive, 
+120 degrees, on the hexaxial reference sys- 
tem.) 

There is a marked leftward shift of the QRS 


TABLE XVI 


QRS Axis in Frontal Plane 
Quartiles by Age Group* 


Age Group 
(yr.) 
Quartile 
<20 20-24 25-29 30-34 35-39 40-44 45 and > All 
First 60 45 45 45 30 30 15 45 
Second 75 75 60 60 60 45 45 60 
Third 75 75 75 75 75 75 60 75 


* All figures shown are in degrees. 
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30-34 YEARS 


20-24 YEARS 


PERCENT 


25-29 YEARS) | 


[35-39 YEARS] 


[40-44 YEARS 


dk 


LY 


90 0 +30 +60 £90 +120 90 -60 0 +3 +60 +90 +120 


QRS AXIS IN FRONTAL PLANE (in degrees ) 


Fic. 4. 


Percentage distribution of the QRS axis in the frontal plane within 


age groups. Note the increased incidence of left axis deviation in the older 


age groups. 


axis in the frontal plane with increasing age. 
This is first apparent between the first and 
second age groups. ‘The first quartile for the 
first age group was +60 degrees, whereas 
the first quartile for the second age group was 
+45 degrees. Approximately 16 per cent of 
the first age group had QRS axes of +45 de- 
grees or less, whereas approximately 26 per 
cent of the second age group are within this 
range. The range for QRS axis was —90 
through +120 degrees with few subjects at 
the extremes. Our values are in general agree- 


ment with Stewart and Manning! and other 
series whose subjects are not differentiated by 
age. They are more closely comparable to 
the statistics of Graybiel et al.? and Packard 
et al.’ The QRS axis mean in the first study 
was +61.6 degrees with a range of —35 
through +120 degrees, whereas the QRS axis 
mean on the same subjects ten years later was 
+48.2 degrees with a range of —45 through 
+95 degrees. Their studies showed that in- 
crease in body weight and leftward rotation of 
the QRS vector were often associated, and that 


TABLE XVII 


QRS Transition 
Percentage Distribution by Age Group 


QRS Transition 


Age Group 
(yr.) 


35-39 40-44 | 45 and > 


| 
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50 
| 
40 
| | | 
10-— +- + 10 4 
2 
| | | | 
| | 
10 0 
<20 | 20-24 | 25-29 | 30-34 | | Al 
m 5 7.9 8.6 7.8 8.8 6.4 
49.7 49.1 | 47.2 49.9 50.7 
V; 2.4 ‘9 | 1.6 | | 
V; 0.1 0.4 | 0.1 | 0.6 | 
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TABLE XVIII 


Q Wave Duration in Leads 1, 1, m, aVL and aVF 
Percentage Distribution by Age Group 


Age Group 
Q Wave (yr.) 
Lead | Duration LS, 
(sec. ) 
<20 20-24 25-29 30-34 35-39 40-44 | 45 and > All 
None 85.1 76.5 74.3 68.4 68.1 56.8 67.8 71.9 
0.01 12.3 20.8 21.9 27.9 28.6 39.4 29.1 24.8 
. 0.02 2.5 2.7 3.7 3.8 3.3 3.9 3.1 
0.03 0.1 0.1 
None 51.6 51.5 46.3 48.6 54.2 51.1 67.1 52.1 
0.01 35.8 37.1 41.7 40.5 37.1 41.4 28.9 37.9 
0.02 11.2 11.4 11.4 10.4 8.4 7.5 4.0 9.6 
0.03 1.3 0.1 0.5 0.5 0.3 0.1 om 0.5 
None 52.5 51.1 47.1 55.0 58.8 60.4 70.0 55.4 
0.01 25.8 29.1 32.4 27.6 24.0 25.3 18.5 26.6 
II 0.02 18.6 15.5 16.7 13.8 12.6 11.6 9.3 14.5 
0.03 2.9 4.2 3.7 3.4 4.3 2.6 2.0 3.4 
0.04 0.3 0.1 0.1 0.1 0.2 0.1 0.2 0.2 
None 90.4 83.2 83.6 77.5 78.0 65.7 73.1 79.7 
0.01 6.3 12.9 11.7 18.3 18.4 29.2 23.2 16.2 
aVL 0.02 2.9 3.3 4.4 3.9 3.2 5.0 3.5 3.7 
0.03 0.4 0.5 0.3 0.4 0.4 0.1 0.2 0.3 
| 
| None | 51.9 50.8 48.9 52.2 56.9 55.7 68 .6 54.1 
0.01 | 32.2 35.0 36.1 36.6 32.6 36.9 25.6 33.9 
aVF 0.02 | 14.0 13.0 13.4 10.4 9.5 7.2 5.5 10.9 
0.03 | 1.9 1.2 1.6 0.7 1.0 0.2 0.4 1.1 


tall, thin subjects often had rightward QRS 
axes. Simonson and Keys* noted a pronounced 
shift to the left of the QRS axis between their 
young group of men (eighteen through twenty- 
five years of age) and their older group of men 
(forty-five through fifty-five years of age). 
The mean for the younger group was +66.75 
degrees whereas the mean for the latter was 
+37.77 degrees. By selecting subjects with nor- 
mal bodily proportions, these authors deter- 
mined that this leftward shift of the QRS axis 
with age occurred independently of body weight. 
However, they noted that body weight could be 
an additional factor causing leftward rotation 
of the QRS vector, particularly in their older 
age group. In this age group the QRS axis 
mean for extremely underweight subjects was 
+61.61 degrees, whereas the mean axis for mark- 
edly overweight subjects was +31.42 degrees. 
The effect of weight on QRS axis was not nearly 
so striking in the younger group of men studied 
by these authors. Statistical analysis of QRS 
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axis, age, body weight and QRS amplitude in 
our study is given subsequently. 

QRS Transition: The transition of the QRS 
complex in the precordial leads was determined 
on all tracings and the percentage distribution 
of these data by age group is given in Table 
xvu. It is apparent that the marked change 
in QRS axis in the frontal plane with increas- 
ing age is not accompanied by significant 
variation of the QRS axis in the trans- 
verse plane. Most transitions were at lead 
V2, Vz or V4, with lead V; the most common. 
Sokolow and Friedlander!® noted QRS transi- 
tions in leads V2 through V, in their series of 
150 subjects, leads V; and V, being the most 
common. Our data are roughly comparable; 
however, lead V2 was more frequent than lead 
V, in our series. The concept that vertical QRS 
axes are associated with QRS transitions at 
lead Vs or Ve, and that horizontal QRS axes 
are associated with transitions at lead V; or 
V2 was not substantiated in our study. QRS 
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transitions in the transverse plane were random 
with respect to the QRS axis in the frontal plane. 
Furthermore, the trend toward leftward rota- 
tion of the QRS axis in the frontal plane in the 
older age groups was not associated with any 
change in the frequency of transitions at the 
various precordial positions. 

Q Waves in Limb Leads: The presence or ab- 
sence of Q waves in the limb leads, their dura- 
tion and amplitude were determined for leads 
I, 0, m, aVL and aVF (Table xvm). They were 
not determined in the precordial leads because 
of their relatively small size. Q waves were 
found with increasing frequency beginning 
with lead aVL and proceeding clockwise to 
lead m. The range of' duration for all leads 
was 0.01 through 0.03 second with the excep- 
tion of lead m, for which there were ten records 
with Q waves with 0.04 second duration. The 
Q; problem has received considerable atten- 
tion in the literature and is frequently a source 
of suspicion and confusion in clinical practice. 
The problem is one of distinguishing large Q 
waves in leads m and aVF resulting from a 
myocardial infarction of the inferior wall from 
similar Q waves in the absence of disease. 
The latter are often attributed to variations of 
cardiac position, but are actually caused by a 
disproportion of the standard electrocardio- 


TABLE XIX 


Incidence of Q Waves in Lead aVF and Lead u in the 
Presence of 0.03 and 0.04 Second Q; 


| 
Duration (sec.) of Simultaneous 
Q Waves in Lead 


No. of 
_| Sub- 
| jects 


Per Cent 
of Total 
Series 


aVF 


IVIVIV IV 
oooooo 


graphic lead reference system to the particular 
body configuration of the subject. To investi- 
gate the Q; problem, the concurrent Q waves 
in leads mn and aVF in those tracings with 
0.03 and 0.04 second Q waves in lead m1 were 
tabulated (Table xix). Of the ten tracings 
with a Q wave of 0.04 second duration in lead 
m1, three had no Q waves in leads aVF and n, 
one had a Q wave of 0.02 second in lead aVF 
but none in lead n, and six had a Q wave equal 
to or greater than 0.02 second in lead aVF and 
equal to or greater than 0.01 .second in lead 
u. This latter group constituted only 0.1 


TABLE XX 
Incidence of Q Waves in Standard Limb Leads at Various QRS Axes* 


QRS Axis in 


Number of Persons With Q Wave in Lead 


Frontal Plane 
(degrees) 


aVL 


—75 
—60 
—45 
—30 


0 


+30 
+45 
+60 
+75 
+90 
+105 
+120 


Indeterminate 


Total no. of Q waves, 
all axes 


* There was no apparent variation among age groups. 
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III | II 
0.03 | | 0.0 62 1.03 
0.04 3 0.05 
0.03 ae 5 0.08 
0.04 | 0.0 1 0.02 
0.03 | >0.01 136 2.26 
0.04 | 20.01 6 0.10 
| 1 Il | Ill | aVF 
| 1 | | 1 
2 | | | 2 
35 | 2 | 1 40 2 
—15 79 4 pat 85 1 
o 145 30 | 5 142 | 14 
+15 198 | 74 18 | 191 51 
259 141 80 245 95 
| 401 458 367 289 | 394 
289 553 | 523 140 530 
246 | 1,159 | 1,172 50 1,177 
| 13 | 377 | 414 9 399 
| 1 80 | 95 ts 93 
1 2 1 
Pe 5 | 3 6 6 | 4 
| 
P| 1,690 | 2,882 | 2,683 1,219 2,761 
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TABLE XXI 


Q Wave Amplitude in Leads 1, u, m1, aVL and aVF 
Percentage Distribution of Entire Series* 


Q Wave 

Amplitude I I III aVL aVF 
(mv.) 
None 71.9 | $2.4 55.4 | 79.7 | 54.1 
0.05 aa.t | 28.7 
0.10 4.5 10.6 | 11.9 3.9 41.2 
0.15 0.8 3.¢ 5.3 0.8 3.6 
0.20 0.2 1.6 3.4 0.5 1.4 
0.25 0.0 0.5 1.0 0.1 0.5 
0.30 0.1 0.2 0.8 0.0 0.2 
0.35 0.0 0.1 0.3 0.0 0.0 
0.40 0.0 0.0 0.1 0.0 0.1 
0.45 0.0 0.0 0.1 0.0 0.0 
0.50 0.0 0.0 0.1 0.0 0.0 


* There was no apparent variation among age 
groups. 


per cent of the entire population surveyed and 
their normality might be viewed with some 
suspicion. However, these criteria alone were 
not utilized for the diagnosis of myocardial in- 
farction of the inferior wall and a discussion of 
this point may be found in a previous paper in 
this series.1* As expected, there were a large 
number of tracings (136) with Q waves of 0.03 
second duration in lead mi associated with a 
Q wave 0.02 second or greater in lead aVF and 
0.01 second or greater in lead u. It is of impor- 
tance to note that no tracing showed a Q wave 
of 0.05 second in any limb lead (except aVR). 

A comparison of the occurrence of Q waves 
to the QRS axis appears in Table xx. Q waves 
in leads 1 and aVL were most frequently as- 
sociated with a QRS axis of +45 degrees. 
Q waves in leads u, mt and aVF occurred most 
often with a QRS axis of +75 degrees. Of 
interest is the relatively large number of Q 
waves in leads 1 and aVL and the rarity of Q 
waves in the other leads associated with hor- 
izontal axes (zero and —15 degrees). For 
instance, there were only five tracings with a 
Q wave in lead m when the QRS axis was 
zero degrees as compared to 145 in lead 1 and 
142 in lead aVL. No tracing demonstrated a 
Q wave in lead m when the QRS axis was 
—15 degrees whereas there were seventy-nine 
tracings with Q waves in lead 1 and eighty- 
five in lead aVL. A Q wave of benign sig- 
nificance is often produced by brief initial forces 
of ventricular activation directed opposite to 
the main vector; for this reason Q waves in 
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TABLE XXII 


Terminal QRS Vector 
Percentage of Each Age Group with S,S2 and S,S.S; 


Patterns 
Terminal QRS Vector 
Age 
Group 
(yr.) Si S: S2 S; 
Pattern Pattern 
<20 20.1 25.3 
20-24 18.5 27.7 
25-29 16.4 23.1 
30-34 15.6 25.0 
35-39 11.2 23.0 
40-44 12.9 20.1 
45 and > 7.7 21.0 
All 15.3 23.8 


leads u, ur and aVF will be associated with 
vertical axes and Q waves in leads 1 and aVL 
will be associated with horizontal axes. These 
factors and the trend toward leftward rotation 
of the QRS axis with age undoubtedly explain 
the increased incidence of Q waves in lead 1 
with advancing age (Table xvm). 

Table xxi gives the percentage distribution 
of Q wave amplitude for the various leads 
assessed. These figures are in agreement with 
both Stewart and Manning! and Graybiel et al.’ 
No attempt was made in our study to determine 
the ratio of Q wave amplitude to the largest 
R wave amplitude in any bipolar lead as many 
investigators have previously done. The ratio of 
Q to R waves was. not considered important. 

Terminal QRS Vector: On occasion consider- 
able significance is attached to the presence of 
terminal negative waves in the QRS complexes 
of the standard bipolar limb leads. This has 
been variously called the S,S.S; pattern, delay 
in activation over the right ventricle and/or 
variation of intraventricular conduction. In 
order to determine the incidence of this pattern, 
the number of subjects in each age group with 
terminal S,S2S; and also those with just S,S» 
were noted (Table xxm). In general, one- 
fourth to one-fifth of all subjects in each age 
group had a terminal negative wave in leads 
I, mu and m. In addition, between 8 and 20 
per cent of subjects in each age group had a 
terminal S wave in leads 1 and um but not in 
lead mt. The incidence of the S,S2S; pattern 
decreased slightly with age (25 per cent in first 
age group and 21 per cent of last age group) 


| 
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TABLE XXIII 
Ratio of R to S Wave Amplitude in Leads V; and V2 
Percentage of Each Age Group With Ratio Greater 
Than 1 


R/S Equal to or Greater 
Age | Than 1 in Lead 
Group 


(yr.) 


V1 V2 


<20 
20-24 
25-29 
30-34 
35-39 
40-44 
45 and > 


but the S,S2 pattern changed considerably with 
age (20 per cent in the first group and 8 per 
cent in the last). 

Both patterns are dependent on a terminal 
vector directed to the right. The S,S.S; pat- 
tern further limits the orientation of the ter- 
minal QRS vector toward the right shoulder. 
The terminal rightward vector may cause an 
R’ wave in lead V, particularly in S,S2S3. 
This may be produced when the precordial 
electrodes are above the point of origin for the 
terminal vector. A common technical error is 
placing the electrodes in the third intercostal 
space. This will create a terminal R’ wave in 
lead V2 as a technical artifact. This results 
in the erroneous diagnosis of incomplete right 
bundle branch block. A precordial map will 
clearly demonstrate the influence of precordial 


electrode placement in creating R’ waves in 
the presence of S,S.S; pattern. 

In some subjects the anatomic relation of 
the fourth intercostal space to the heart results 
in the same picture. Finally, but far less com- 
monly, the terminal QRS vector may be directed 
within the positive zone of lead V, resulting in 
a bonafide R’ wave. This does not necessarily 
mean that the terminal QRS vector is anterior. 
When it is anterior an R’ wave should also be 
noted in lead V2. In our series an R’ wave was 
noted in lead V, in a small number of cases. 
Comparison of the incidence of these rightward 
terminal QRS forces to the height, weight, 
QRS duration and duration of R and S waves 
in lead Vz was made, but no relation was ob- 
served. 

Ratio of R/S Amplitude in Leads V, and Vz: 
Clinical significance is sometimes attached to 
an increase of the R/S amplitude ratio in leads 
V, and V2. To assess the frequency of this 
finding the number of records in each age group 
with an R/S amplitude ratio of 1 or more in 
lead V, or V2 was determined (Table xxi). 
The finding of an R/S amplitude ratio of 1 or 
more in lead V, was relatively rare, less than 
1 per cent of the entire series. A ratio of 1 or 
more was less rare in lead V2 being as frequent 
as 10 per cent of some of the age groups. These 
statistics are roughly comparable to those of 
Sokolow and Friedlander,'® who described a 
range of the R/S amplitude ratio in lead V; 
of zero through 1, and a range in lead Vz of 
0.1 through 13. An attempt to relate the oc- 
currence of R/S amplitude ratios of greater than 
1 in lead V, or V2 to height, weight or heart 
rate was unrevealing. 


TABLE XXIV 


T Axis in Frontal Plane 
Percentage Distribution by Age Group 


T Axis in 
Frontal Plane 


Age Group 
(yr.) 


(degrees) 


40-44 | 45 and > 


—15 

0 
+15 
+30 
+45 
+60 
+75 
+90 


So 
NWF UH 
ov © 
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1.1 | 6.1 
1.3 | 7.1 
0.9 | 9.2 
0.4 10.1 
0.1 1.0 
0.4 8.1 
0.2 10.4 
All 0.7 8.5 
ae <20 20-24 | 25-29 | 30-34 35-39 ees 
0 
4 17.1 
15 
42 | 44.6 
22 62 
12 
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T WAVE 


T Axis in the Frontal Plane: The axis of the 
T vector was determined by using the standard 
hexaxial reference system; the results are shown 
in Table xxtv and Figure 5. The range was 
—15 through +90 degrees with few subjects 
at the extremes. The mode was +45 degrees. 
There appeared to be some leftward rotation 
of the T vector in the frontal plane with in- 
creasing age, which, although definite, was not 
as marked as the corresponding leftward shift 
of the QRS vector. In the first age group, 
22.6 per cent of subjects had a T axis of +60 
degrees, whereas only 8.8 per cent of the oldest 
age group did; correspondingly, only 4.1 per 
cent of the first age group had a T axis of 
+15 degrees, whereas 18.8 per cent of the last 
age group did. In their follow up of 1,000 
Naval aviators, Packard et al.’ noted that the 
mean T wave vector shifted only 1.9 degrees 
and maintained approximately the same range. 
Simonson and Keys® noted a more pronounced 
shift of the T vector between their younger 
group and their older group, from +42.78 to 
+32.87 degrees. ‘Their statistics indicate that 
a shift of the T vector to the left may be as- 
sociated with either increasing age or relative 
obesity, and that both factors may be additive 
in older obese subjects. 

T Transition: The T transition in the pre- 
cordial leads was determined for each subject. 
It was found that 99.7 per cent of the entire 
series had a T transition at or near lead Vj. 
The transition was considered to be at lead V; 
when all precordial TT waves were upright if 
the T wave in lead V, was of less amplitude than 
the T of lead V,. The remaining 0.3 per cent 
had T transitions at lead V2 (inverted T in 
lead V, with flat or biphasic T in lead V2), 
or at lead V; (progressively decreasing T wave 
amplitude in leads V,; through V,). This 
would indicate that regardless of whatever 
changes may occur in the T vector in the frontal 
plane with increasing age, this change is not of 
a nature to affect the configuration and transi- 
tion of the T wave in the transverse plane. 

Mean Spatial QRS-T Angle: The mean spatial 
QRS-T angle was calculated from a chart 
previously published. The percentage fre- 
quency distribution by age group is shown in 
Table xxv. Table xxvi gives the quartiles. 
The range was zero through 139 degrees with 
few tracings with spatial angles above 70 degrees. 
Tracings with T wave changes often produce 
wide spatial QRS-T angles. However, all 
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Fic. 5. Percentage distribution of T axis in the frontal 
plane within age groups. 


electrocardiograms with any T wave abnor- 
mality were excluded from the study. There 
was extremely little variation with age due to 
the concomitant shift of the two vectors com- 
prising the spatial QRS-T angle. Both the 
QRS and T vectors rotated leftward in the 
frontal plane with increasing age without a 
notable change in the transverse plane. It 
has been reported!’ that the spatial QRS-T 
angle rarely exceeds 50 degrees in the healthy 
person. This statement is not borne out by our 
data, as there were approximately 18 per cent 
in the entire series who had angles of 50 degrees 
or above. A more accurate estimate of the 
upper limits of normal might be 70 degrees, 
which would include 96 per cent of our series. 

Comparisons of the spatial QRS-T angle 
were made to the height, weight, age, body build 
and heart rate of the subjects, but no relation- 
ship or trend could be established. Comparison 
of the spatial angle to the QRS axis indicated 
that the wider angles were usually associated 
with leftward rotation of the QRS axis. 


S-T SEGMENT 


Vector in the Frontal Plane: An elevation of the 
S-T segment above the T-P baseline was 
considered an electrical force for which the 
vector was determined. Of the 6,014 subjects 
1,460 had a detectable S-T segment force. 
The percentage distribution of the detectable 
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TABLE XXV 
Spatial QRS-T Angle 
Percentage Distribution by Age Group 


Spatial 
QRS-T Angle 


Age Group 
(yr.) 


(degrees) 


0-9 
10-19 
20-29 
30-39 
40-49 
50-59 
60-69 
70-79 
80-89 
90-99 

100-109 
110-119 
120-129 
130-139 
Indeterminate 
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ANARAW 


KF 


a’ 


S-T segment vectors is given in Table xxvu. 
The majority fell between +60 and +90 degrees. 
There was a slight decrease in the frequency of 
S-T segment forces in the older age group; 
25 per cent of the first age group had notable 
S-T segment elevation, whereas only 15 per 
cent of the oldest age group did. 

The statistics relative to S-T segment eleva- 
tion given by Stewart and Manning’ are not 
directly comparable to ours as the former were 
based on individual leads rather than vector 
magnitudes. However, the two series corre- 
spond in general. Graybiel et al.? found 85 
per cent of 1,000 subjects had S-T segment eleva- 
tion in lead 1, 89 per cent in lead 1 and 46 
per cent in lead 111, considerably more than found 
in our study. The differences can probably be 


explained by differences in definition, and it is 
only important to realize that most investiga- 
tors are aware of slight S-T segment elevation in 
many limb leads, particularly 1, m1 and aVF 
which is not indicative of myocardial injury 
and is frequently found in normal people. The 
configuration of elevated S-T segments in our 
tracings was usually concave upwards when an 
S-T segment immediately followed the R wave 
of the QRS complex, but was convex upward 
if the S-T segment followed an S wave. In 
almost all cases the directions of the S-T seg- 
ment and the T wave were parallel. 

Greatest S-T Segment Amplitude in the Frontal 
Plane: When a detectable S-T segment force 
was noted the greatest amplitude of this force 
above the T-P baseline was calculated. The 


TABLE XXVI1 
Spatial QRS-T Angle 
Quartiles by Age Group* 


Quartile 


Age Group 
(yr.) 


40-44 | 45 and > 


First 
Second 
Third 


* All figures shown are in degrees. 
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a <20 20-24 | 25-29 | 30-34 35-39 40-44 | 45 and > All 
| | 
14 | 13.4 | 13 
22 rims | 
24 
0 0.8 | 1 
0 
0.8 1.6 1.0 | 0.4 a 0.9 
|  <20 20-24 | 25-29 | 30-34 | 35-39 | 
22 23 | (22 24 | 23 
47 47 | 47 | 45 | 
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TABLE XXVII 
S-T Segment Vector in Frontal Plane 
Percentage Distribution of Entire Series and of Those 
with an S-T Segment Vector 


217 


TABLE XXVIII 
Greatest S-T Segment Amplitude in Frontal Plane 
Percentage Distribution of Entire Series and of Those 
with an S-T Segment Vector 


S-T Segment — Per Cent of 
Vector in fE " Those with an 
Frontal Plane ere S-T Segment 
(degrees) Series Vector 
None 75.5 te 
—45 0.1 0.6 
— 30 0.1 0.6 
—15 0.1 0.6 
0 1.6 6.7 
+15 0.1 0.2 
+30 0.3 1.3 
+45 0.7 2.8 
+60 §.1 20.6 
+75 5.9 23.9 
+90 9.8 40.0 
+105 0.6 2.4 
+120 0.1 0.4 


results of this are shown in Table xxvii as a 
composite for the entire series. There was no 
appreciable variation with age with the ex- 
ception of the first and second age groups; 
15 per cent of the first age group and 12 per 
cent of the second age group had S-T segment 
elevation of 0.10 and 0.15 mv., respectively, 
whereas only 3 per cent of the last age group 
had elevations of this size. In the intermediate 
groups approximately 5 per cent had these 
elevations. S-T segment elevation is not only 
more frequent in young adults, but is also of 
greater magnitude when present. Although pre- 
cise delineation of this portion of the electro- 


Greatest 
S-T Segment / Per Cent Per Cont wl 
Those with an 
plitude in of Entire S-T 
Frontal Plane Series -T Segment 
Vector 
(mv.) 
None 75.5 
0.05 16.4 66.8 
0.10 7.2 29.5 
0.15 0.7 2.9 
0.20-0.25 0.2 0.8 


cardiogram is not essential in ordinary practice, 
it may be helpful to recognize that S-T segment 
elevation as great as 0.3 or 0.4 mv. may occur 
in the absence of disease. 

S-T Segment in the Precordial Leads: The pres- 
ence of S-T segment elevation above the T-P 
baseline in the precordial leads was determined. 
All tracings were categorized into one of five 
groups as follows: group 1, anterior S-T seg- 
ment force (elevation in leads V2, V3; and V3); 
group 2, lateral S-T segment force (elevation 
in leads V; through V,); group 3, rightward 
S-T segment force (elevation in leads V, and 
V2 only); group 4, anterolateral S-T segment 
force (elevation in all precordial leads); and 
group 5, no S-T segment elevation in any pre- 
cordial lead. 

Table xx1x provides the results of this analysis. 
S-T segment elevation in the precordial leads 
without acute injury is well recognized, but it 


TABLE XXIX 


S-T Segment Elevation in the Precordial Leads 
Percentage Distribution by Age Group 


Age Group 
S-T Segment Vector in (yr.) 
Transverse Plane Directed 
<20 20-24 | 25-29 | 30-34 | 35-39 | 40-44 /45and>/ All 
Anterior (elevation in leads V2, 38.3 38.2 42.2 47.3 51.0 45.6 47.4 43.8 
V,) 
Lateral (elevation in leads V3, V4, 30.3 30.8 30.0 22.2 19.1 21.9 25.5 24.0 
Vs, Vs) 
Rightward (elevation in leads V,, 6.7 5.2 7.5 ve 6.9 5.7 8.2 6.8 
V2 only) 
Anterolateral (elevation in all pre- 21.3 23.0 20.4 13.2 10.7 13.5 10.9 16.8 
cordial leads) 
No elevation in any precordial 3.4 2.7 7.3 9.9 12.3 13.4 17.9 8.8 
lead 


yuLy 1960 


| 
| 
| 


218 


TABLE XXX 


Greatest S-T Segment Elevation in Precordial Leads 
Percentage Distribution of Entire Series 


Greatest S-T 
Segment Elevation 


in Precordial Per Cent 


is of interest to note the common occurrence 
of this phenomenon. Only 8.8 per cent of the 
entire survey showed no S-T segment eleva- 
tion in any precordial lead. Inspection of 
Table xxx indicates a slight trend towards 
anterior S-T segment forces with increasing 
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age at the expense of lateral and anterolateral 
forces. It may also be noted that there is a con- 
siderably higher percentage in the older age 
groups with no S-T segment elevation in any 
precordial lead as compared to the younger 
age groups. 

The magnitude of the S-T segment forces in 
the precordial leads was also assessed and the 
percentage distribution of these data is given in 
Table xxx. The value recorded was the largest 
observed in any precordial lead. S-T segment 
elevation of this non-specific variety was of 
much greater amplitude in the younger age 
groups. In the first age group 15 per cent had 
elevation of 0.3 mv. whereas only 3 per cent of 
the last age group did; 55 per cent of the first 
age group had elevation of 0.2 mv. compared 
to only 24 per cent of the last age group. 
Sokolow and Friedlander found that S-T seg- 
ment elevation up to 3 mm. was not uncommon 
in leads V;, V2 and V3, but rarely exceeded 
1 mm. in leads V, through V,. In general, our 


TABLE XXXI 


QRS Amplitude in Leads 1, aVF, V2 and V¢ 
Percentage Distribution by Age Group 


QRS 
Amplitude 


Age Group 
(yr.) 


(mv.) 


35-39 


30-34 | | 


| 45 and > | 


Nw Nw 


RUDY 
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Leads 
(mv.) 
None 8.8 
0.1 44.3 
0.2 38.4 
0.3 7.9 
0.4 | 0.5 
0.5 | 0.1 
| 0.00-0.15 0 
| 0.20-0.35 | 4 
| 0.40-0.55 | 26 | 25 SS yy 
| 0.60-0.75 | 29 
0.80-0.95 22 | 23 | 2 
1 | 1.00-1.15 10 | 11 45 
| 1.20-1.35 3 
| 1.40-1.55 1 
0 
| 1,.80-1.95 0 | 
| 2.00-2.15 | 0 | 
| | 
0 0 
| 
| 16 
| | 21 
| 18 | = 
| ism | 15 
| 
aVF | | 11 | 
| 
| | 1 | 
| 
| 0 
| | 0 | 
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TABLE (Continued) 


QRS 


Lead Amplitude 


Age Group 
(yr.) 


(mv.) 


<20 20-24 


25-29 


r 


30-34 35-39 45 and > 
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.20-0. 
.40-0. 
.60-0. 
.80-0. 
.00-1. 
.20-1. 
.40-1. 
.60-1. 
.80-1. 
00-2. 
. 20-2. 
.40-2. 
.60-2. 
.80-2. 
.00-3. 
.20-3. 


Ve 


0 
2 
7 
11 
20 
17 
16. 
10 
7 
3 
2 
1 
0 
0 
0 


> 


KF KKK OCC 
AN’ 
\o 


NE RR 


— 

HK PRIN 


NOWNACRANWOWAHON 


statistics are in agreement with these findings 
as our larger amplitudes were usually found in 
the anteriorly located leads (V2 and V3). 

True S-T segment depression of plateau 
nature was considered a cause for exclusion of 
the record from this study. Junctional S-T 
segment changes were frequently observed, 
not numerically assessed. 


QRS AMPLITUDE 


The QRS complex, regardless of its con- 
figuration or the lead in which it is observed, 
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is a graphic record of the electrical events of 
ventricular activation. Differences in the shape 
of this complex from one lead to the next are 
purely a function of the geometric relation of 
that lead to the electrical field. All electro- 
cardiographic leads record coordinate values, 
and whether the deflection is positive or negative 
in a given lead does not have any bearing on its 
total amplitude. For these reasons, the meas- 
urements of QRS amplitude in this series were 
made from the most positive to the most nega- 
tive point of the QRS complex, that is, from the 
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TABLE XXXII 


QRS Amplitude in Leads 1, aVF, V2 and V, 
Quartiles by Age Group* 


Quartile 


Age Group 
(yr.) 


30-34 45 and > 


First 
Second 
Third 


.60 .60 
.75 
.00 


First 
Second 
Third 


.45 
.65 


First 
Second 
Third 


First 
Vs Second 
Third 


* All figures shown are in millivolts. 


peak of the R wave, if present, to the nadir of 
the S wave, if present. All measurements were 
made to the nearest 0.05 mv. Leads1, aVF and 
V2 were selected as most nearly representing 
mutually perpendicular coordinates. Leads 
1 and V, both approximate an X coordinate and 
thus both were measured; lead aVF approx- 
imates a Y coordinate and lead V2 a Z coor- 
dinate. The percentage distributions of QRS 
amplitudes in individual leads are shown in 
Table xxx1 and Table xxx1 provides the quar- 
tiles. Figure 6 illustrates the differences be- 
tween age groups in the distributions of QRS 
amplitudes in the four leads by showing the 
cumulative per cent distributions for the 
sixteen- to twenty-year, thirty- to thirty-four- 
year and forty-five-year and over age groups.* 
The distribution of the QRS amplitude in lead 
I was similar for the seven age groups, whereas 
the distribution of the QRS amplitude in leads 
aVF and V2 decreased with each older age 
group. If a simple geometric shift of the 
vector with age were the only factor responsible 
for these observed changes, the QRS amplitude 
in lead 1 would increase significantly as the 

* The cumulative per cent is the per cent of subjects 
in a group that have a given measured value or less. 
As an illustration, in Figure 6 (solid line), 20 per cent 


of the group had a voltage of 0.95 mv. or less and 80 per 
cent had a voltage of 1.75 mv. or less. 


amplitude in lead aVF diminishes. The fact 
that amplitude is considerably lower in such a 
high per cent of the subjects in’ the older age 
groups for both leads aVF and V2, whereas 
the amplitude is not significantly changed in 
lead 1 means that the measurable magnitude of 
the spatial QRS vector is progressively dimin- 
ished in the older age groups. 

Plane and Spatial Measurements: Considering 
the QRS complex as representing a spatial elec- 
trical event, and therefore not having peculiar 
significance in one lead as compared to another, 
an attempt was made to find a measurement 
related to the QRS voltage in the frontal and 
transverse planes and spatially. This was 
accomplished by utilizing the QRS amplitudes 
in the coordinate leads which define the planes. 
One measurement for the frontal plane was 
the sum of the QRS amplitude in leads 1 + 
aVF. Another measurement was obtained by 
using the principle of the Pythagorean theorem, 
/ + (aVF)?. For the transverse plane the 
sum of the QRS amplitudes in leads V2 and 
V, was calculated. A measurement related to 
ventricular excitation expressed spatially was 
obtained from the sum of the QRS amplitudes 
in leads 1, aVF and V2 and in leads V,, aVF and 
V2. The latter two methods differ in relation 
to the extent that leads V, and 1 are not in- 
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<20 20-24 | 25-29 | a All 
| 0.50 0.50 | 0.55 | oO 0.55 
I | 0.70 0.70 | 0.70 | 0 0.75 
| 0.90 | 0.90 | 0.90 | 0 | 0.95 
1.00 | 0.85 | 0.75 | 0.60 0.55 | 0.50 on 0.65 
aVF 1.35 1.10 | 1.00 | 0.80 0.80 | 0.70 0 0.95 
| 1.70 1.50 | 1.35 | 1.10 | 1.00 | 0.95 0.90 1.30 
2.10 1.85 1.65 | 1.50 1.50 | 1.40 1.30 1.60 | 
V: 2.60 2.35 | 2.10 | 1.90 1.85 | 1.80 1.70 2.05 
3.15 2.80 2.60 2.40 2.30 | 2.15 2.05 2.60 
1.20 1.20 1.10 1.05 1.00 1.00 0.90 1.50 
1.50 1.45 | 1.35 1.30 1.25 | 1.25 1.20 1.35 
1.80 1.80 | 1.70 1.60 1.55 | 1.55 1.50 1.65 
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Fic. 6. Cumulative percentage distributions of QRS amplitude for the sixteen- to 
nineteen-year group (solid line), thirty- to thirty-four-year group (dash-dot line), and 
forty-five years and over group (broken line). QRS amplitude was measured from the 
highest to the lowest deflection, not as individual R or S waves. Note the decrease in 
measurable voltage with each older age group in leads aVF, V2 and V¢, and the very 


‘jy 
30 


221 


minimal differences between the three age groups in lead 1. 


terchangeable as X coordinates. The fre- 
quency distributions for these values by age 
group are found in Table xxxm and Table 
XXXIV provides the quartiles. Figure 7 displays 
the cumulative percentage of several of these 
mathematical calculations for the first, fourth 
and last age groups. Figure 8 gives the cumu- 
lative percentage for each of the seven age 
groups for the sum of leads 1 + aVF + Vs2. 
There was a successively higher percentage of 
subjects with lower voltage values with each 
age group. 

What these various curves demonstrate is 
that measurable voltage of ventricular excita- 
tion progressively decreases with older age 
groups when evaluated by technics of vector 
analysis utilizing planes and spatial measure- 
ments. This observation is important since 
measurements of this type may provide a basis 
for evaluating aging of the heart which can- 
not now be done with usual interpretation 
methods. The values for QRS amplitude ex- 
pressed in terms of vector analysis may find 
other application in the clinical situation. 
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Although there is nothing diagnostic about a 
QRS amplitude which is low when compared 
to normal values for a given age, this finding, 
when combined with the total clinical picture, 
may assume more importance. Conversely, a 
QRS amplitude which at first glance might ap- 
pear high and be suggestive of hypertrophy 
(according to some criteria) may be well within 
the range of normal when values based on age 
are consulted. 


Correlation coefficients between QRS amplitude, age, 
QRS axis and deviation of body weight from optimum 
weight are given in Table xxxv. A correlation coef- 
ficient provides a measure of relationship between 
two variables. In this discussion a coefficient of 
zero indicates no linear relationship. Values be- 
tween zero and 1 quantitate the degree of relation. 
A negative correlation indicates that the two variables 
under comparison are inversely related. The QRS 
amplitude determinations of leads 1 + aVF, V2 + 
V, and1 + aVF + V- were utilized for this statistical 
analysis for it was thought that they represented the 
best index for assessing QRS amplitude in the frontal 
and transverse planes and spatially. 
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QRS 
Amplitude 
(mv. ) 


QRS Amplitude Measured in the Frontal and Transverse Planes and Spatially 


Combinations of 
Amplitudes from 
Indicated Co- 
ordinate Leads 
1 + aVF (frontal 

plane) 
Vi + (aVF)? 
(frontal plane) 
V2 a Vs (trans- 
verse plane) 
1+ aVF + V2 
(spatially ) 
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| 1a 2.2 4.0 - 25-4 
| 18.6 | 23.3 | 31.6 | 34.2 | 38.5 | 45.3 
| 40.3 | 42.9 | 44.7 | 42.0 | 40.9 | 34.9 
| 25.6 | 22.0 | 17.0 | 16.5 | 13.8 | 10.6 | 
| 06 |. 01 | 0.1 0.0 | 
: | | | | | | 
| | 11.7 | 17.8 | 22.2 | 27.2 | 29.9 | 37.7 
49.9 | 50.3 | 59.0 | 54.7 | 54.8 | 50.6 
| 2.5 | 16.1 16.1 | 13.5 10.4 | 
| | 1.6 | 1.4 0.5 | 
| | | 
| | 6 
| ee] & | | | 5 
| 8 
7 9 
| fio 5 
} | I 
| | | 9 
| Pe | | | 6 : 
| 6 | 1 
| | | | 
| | 
| | 
| 
| 
| | 
| 
0 
| | 
| | | | | 0 
| | | | | | 6 | 
| | | | 0 
| | | | 2 
| | | | | 6 
| | | | | 9 | 
3 | 4 | | | 2 
| | | 
| | | | | 
| | | 2 | | 
| | | | 
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Combinations of QRS Age Group 
Amplitudes from Amplitude (yr.) 
Indicated Co- (mv.) 
ordinate Leads <20 20-24 | 25-29 | 30-34 | 35-39 | 40-44 |45 and > All 
1.0-1.4 0.1 0.1 0.2 
1.5-1.9 0.1 0.7 0.5 2.2 
2.0-2.4 0.2 1.1 1.2 2.2 2.9 4.3 7.3 2.4 
2.5-2.9 0.6 1.7 3.7 7.9 8.6 10.4 15.5 6.1 
3.0-3.4 1.9 4.7 8.6 16.1 17.3 18.8 21.4 11.7 
3.5-3.9 5.4 11.0 15.7 19.9 19.3 23.2 21.9 15.8 
4.0-4.4 12.6 14.3 18.1 16.0 20.6 20.0 14.6 16.6 
4.5-4.9 14.8 17.2 17.6 16.5 15.2 11.1 7.9 14.7 
V. + aVF + V2 5.0-5.4 14.9 17.0 14.3 10.2 7.5 6.1 4.9 11.3 
(spatially ) 5.5-5.9 15.2 11.3 9.6 6.4 4.4 2.6 2.2 8.0 
Pp y 
6.0-6.4 13.1 8.3 5.3 3.0 1.9 1.6 1.5 5.5 
6.5-6.9 8.6 5.6 2.3 1.2 1.1 1.0 0.2 3.2 
7.0-7.4 6.0 4.8 2.5 0.1 0.2 0.2 0.0 2.3 
7.5-7.9 3.2 1.4 0.3 0.0 0.2 0.2 0.9 
8.0-8.4 32 0.9 0.4 0.2 0.6 
8.5-8.9 0.9 0.6 0.2 0.0 0.3 
9.0 and 0.3 0.2 0.1 0.1 0.1 
above 
TABLE XXXIV 
QRS Amplitude Measured in the Frontal and Transverse Planes and Spatially 
Quartiles by Age Groups 
Combinations of ee 
Amplitudes from 
Indicated Co- Quartile l 
ordinate Leads <20 20-24 | 25-29 | 30-34 | 35-39 | 40-44 45and>| All 
wate First 1.70 1.55 1.45 1.40 1.35 1.30 1.20 1.40 
‘<2 (fronta Second 2.05 1.85 1.75 1.65 1.60 1.55 1.45 1.70 
plane) Third 2.40 2.25 10 1.90 1.90 1.85 1.70 2.05 
- First 1.27 1.12 1.07 1.02 0.98 0.96 0.89 1.04 
— 
Vv s + vet Second 1.54 | 1.37 | 1.31 | 1.20 | 1.17 | 1.13 | 1.07 | 1.26 
(frontal plane) Third 1.84 1.68 1.58 1.41 1.38 1.36 1.29 1.55 
First 3.5 3.2 2.9 2.7 2.6 2.6 2.4 2.8 
verse plane) Third 4.7 4.5 4.1 3.8 3.7 3.5 3.4 4.1 
First 4.00 3.59 3.30 3.05 2.99 2.86 2.64 3.17 
r+ eins Ve Second 4.73 | 4.20 | 3.91 | 3.58 | 3.52 | 3.36 | 3.16 | 3.81 
(spatially ) Third 5.46 4.95 4.62 4.29 4.08 3.90 3.71 4.58 
First 4.6 4.2 3.8 3.4 3.3 3.2 2.9 3.6 
+ V2 5.4 5.0 4.5 4.1 4.0 3.8 3.5 4.3 
(spatially ) Third 6.3 5.8 5.3 4.9 4.6 4.4 4.1 5.2 


* All figures shown are in millivolts. 
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Fic. 7. Cumulative percentage distributions of QRS 
amplitude estimated for the frontal plane (leads 1 + 
aVF and 4/1? + (aVF)?) transverse, plane (leads V2 + 
Vz) and spatially (leads V, + aVF + V2). Solid line, 
sixteen- to nineteen-year age group; dash-dot line, 
thirty- to thirty-four-year age group; broken line, forty- 
five years and over age group. 


Inspection of Table xxxv reveals that the QRS 
amplitude, whether observed in the frontal or trans- 
verse planes or spatially, has an inverse relation to 
age or more simply stated, QRS amplitude tends to 
decrease with age on a group basis. The correlation 
coefficient for leads 1 + aVF, V2 + Vs andi + 
aVF + V2 with age are —0.37, —0.42 and —0.47, 
respectively. QRS axis in the frontal plane was 
positively related to QRS amplitude, that is, the 


TABLE XXXV 
Correlation Coefficients Between the Indicated Variables 


| Age | Axis Weight* 

Amplitude from 

leads 

1+ aVF —0.37 0.29 | ~0.18 
V2 + Vs —0.42 | 0.25 —0.20 
1+ aVF + V2 —0.47 | 0.34 —0.25 
Age —0.34 0.36 
Axis | —0.33 


* Weight is the difference between the number of 
pounds each individual weighed and the standard weight 
for his height for ages twenty-six to thirty years as 
defined in Air Force Manual 160-1. 
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Fic. 8. Cumulative percentage distributions of the 
sum of the QRS amplitudes in leads 1, aVF and V2, 
representing measurable QRS voltage spatially. Note 
the decrease in voltage distribution with each older 
age group. 


more vertical axes were associated with larger ampli- 
tudes and the more horizontal axes with lower ampli- 
tudes. QRS axis was inversely related to age; in 
other words the older age groups showed association 
with more leftward axes than did the younger age 
groups. Similarly, body weight was inversely re- 
lated to QRS axis, that is, the overweight groups 
tended to be associated with leftward axes. These 
relations between two variables were determined 
without regard to the influence of the other two 
variables. Because these variables are undoubtedly 
interrelated, a measurement of the relation of two 
of the variables with the effect of the other variables 
under consideration held constant was accomplished 
with partial correlation coefficients. 

Table xxxvi gives the partial correlation coef- 
ficients for the relation of QRS amplitude to age, 
QRS axis and body weight; and of QRS axis to age 
and body weight. In each instance the influence 
of the other two variables has been held constant 
and a more precise determination of the relation 
between the two variables under consideration was 
obtained. QRS amplitude is inversely related to 
age. It tends to decrease with age regardless of 
body weight or QRS axis. The partial correlation 
coefficients of QRS amplitude from leads 1 + aVF, 
Ve + Ve and 1 + aVF + Vz with age are —0.30, 
—0.35 and —0.37, respectively. These are each 
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TABLE XXXVI 
Partial Correlation Coefficients Between the Indicated Variables When the Effect of the Two in Parentheses is Removed 


e Axis Weight 
(axis and weight) (age and weight) (axis and age) 
Amplitude from leads 
1+ aVF —0.30 0.18 —0.00 
V2 + Ve —0.35 0.11 —0.02 
1+ aVF + V2 —0.37 0.20 —0.05 
Axis Axis 


Age (amplitude and weight) 
when amplitude is from leads 


1+ aVF —0.18 
Ve t+ Ve —0.19 
1+aVF + V2 —0.15 


Weight* (amplitude and age) 
when amplitude is from leads 


1+ aVF —0.23 
V2+ Ve —0.23 
1+aVF + V2 —0.22 


* Weight is the difference between the number of pounds each subject weighed and the standard weight for his 
height for ages twenty-six to thirty years as defined in Air Force Manual 160-1. 


somewhat lower than the values for the relationship 
of QRS amplitude to age when weight and axis were 
not considered (Table xxxv). 

Of particular note is the extremely low partial 
correlation of body weight and QRS amplitude—it 
is practically zero. This implies that changes in 
body weight are not associated with changes in QRS 
amplitude after effects of age and axis have been 
taken into account. The relation of body weight 
to QRS axis, however, is not zero. The partial 
correlation coefficient for these twu variables is 
—0.23, indicating that increase in body weight over 
optimum is associated with leftward rotation of the 
QRS axis. These correlation coefficients are signifi- 
cantly different from zero because of the large size 
of the subject population. 


Conclusions Derived from Statistical Determina- 
tions: This series of statistical determinations 
was performed in an attempt to distinguish the 
interrelated effects of four variables on each 
other. The analyses and related discussion 
given here may be summarized for the group 
of subjects by the following general statements: 
(1) QRS amplitude whether considered in the 
frontal or transverse planes or three dimension- 
ally tends to decrease from. younger to older 
age groups regardless of the effect of QRS axis 
or body weight changes; (2) The QRS axis 
in the frontal plane shows a slight trend toward 
leftward rotation from younger to older age 
groups independent of QRS amplitude and 
body weight changes; (3) Increases in body 
weight above optimum were associated with 
leftward QRS axes; and (4) Body weight and 
QRS amplitude are not related. 
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Effect of Aging on QRS Voltage: These conclusions 
are not meant to imply cause and effect, as correlation 
coefficients do not provide information of this type. 
They merely quantitate the relation between vari- 
ables. Some relations arise from mutual dependence 
of two variables on a third or fourth unknown factor. 
While these limitations are recognized, it does not 
seem unreasonable to postulate a cause and effect 
relationship for some of the observations in this study. 
Many of the effects of age on the myocardium are 
known and it is not inconceivable that progressive 
myocardial fibrosis, clinically undetectable coronary 
atherosclerosis and other degenerative changes can 
result in decreased voltage of ventricular excitation. 
In the same way, changes of the QRS axis might be 
produced. 

Other factors which may be a direct result of age 
may influence voltage resulting from cellular excita- 
tion. The aging cell may behave differently elec- 
trically. The voltage across the wave front of excita- 
tion is dependent on the size and shape of the wave 
front and the density of charge on it. The density 
of charge can be affected by the control of sodium 
current effected on stimulation of the cell membrane 
and its action as a dielectric constant or electrical 
filter. If the amount of sodium flux diminishes, the 
potential difference across the wave front decreases. 
These factors which may be associated with aging are 
theoretical at present; however, the change in QRS 
amplitude in older age groups is not theoretical 
regardless of its cause. These observations suggest 
the possibility that QRS amplitude measurements 
may be important in a serial fashion in studying 
aging. The specific causes of all the factors related 
to the reason for these changes and their full signifi- 
cance will require longitudinal studies and additional 
experimental work. 

The changes of QRS voltage and axis with age have 
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TABLE XXXVII 
T Wave Amplitude in Leads 1, aVF, V2 and V¢ 
Percentage Distribution by Age Group 
Lead Amplitude 
(mv.) | miming 
<20 | 20-24 25-29 30-34 35-39 40-44 | 45 and > All 
| 
0.00—0.15 4.9 | 5.0 9.4 8.8 12.2 10.9 16.8 | , By 
0.20—-0.35 72.5 69.5 44:5 73.8 75.8 72.9 | 72:9 
I | 0.40-0.55 22.6 21.6 20.1 |} 
| 0.60-0.75 1.0 0.9 1.0 4 0.3 0.6 0.4 0.7 
| 0.00—-0.15 23.4 30.1 33.2 35:5 | 25.8 
| 0.20-0.35 60.1 64.3 63.2 61.0 59 .6 57.3 S72 60.6 
aVF | 0.40-0.55 26.2 16.3 13.2 8.5 7.1 12.9 
| 0.60-0.75 2.0 1.0 0.2 0.4 | 0.2 0.1 I 0.7 
| 0.80-0.95 0.1 0.1 
| 0.00-0.15 0.5 0.2 0.6 a 1.4 1.0 0.9 
| 0.20-0.35 7.4 6.3 9.§ 10.3 | 13.2 12.0 14.4 10.1 
| 0.40-0.55 22.9 24.1 25.5 26.8 | 29.6 31.3 31.8 27.0 
| 0.60-0.75 30.7 32.7 | 32.6 31.9 31.4 31.0 
V2 | 0.80-0.95 24.7 19.7 13.2 | 16.1 17.3 15.2 19.8 
| 1.00-1.15 <2 9.3 9.7 12 5.2 5.0 4.4 a 
1.20-1.35 4.0 | 3.5 1.9 0.7 2.6 
1.40-1.55 | 0.9 0.5 0.1 0.2 0.4 0.7 
| | 63 0.3 0.1 | 0.1 0.2 
1.80-1.95 0.2 | 
| 0.00-0.15 Ko 3.2 6.4 6.9 10.2 5.8 
| 0.20-0.35 38 .6 40.1 45.7 49.0 56.0 56.9 57.8 48.2 
| 0.40-0.55 41.1 38.5 37.0 34.9 3.5 30.9 26.9 35.1 
Ve 0.60—-0.75 3.39: 1 24 10.3 8.4 5.0 4.7 4.4 9.0 
| 0.80-0.95 | 2.7 | 3.8 a ee 0.7 0.4 0.4 1.6 
1.00-1.15 | 0.6 | 0.6 0.3 a ae 0.4 
| 1.20-1.35 0.2 | 
been noted by other authors,”* who noted group for the T wave amplitude in the four 


the same trends as described here. Precise com- 
parisons of our statistics to theirs would be difficult 
and not altogether meaningful because of the marked 
difference of technic and method of approach to the 
problem. All previous series have utilized separate 
R and S wave amplitude determinations rather than 
a combined measurement for maximum QRS ampli- 
tude, and no series, to our knowledge, has separated 
final statistics into five-year segments of the adult 
population. 


T Wave Amplitude: T wave amplitude was 
calculated in the four leads utilized during the 
QRS amplitude study, namely 1, aVF, V2 and 
V,. The amplitude was measured using the 
T-P interval as the baseline. If the T wave was 
biphasic, the distance from the highest to the 
lowest point was measured. Table xxxvi 
provides the percentage distribution by age 


individual leads and Table xxxvu provides 
the quartiles. Figure 9 illustrates this same 
information in terms of cumulative per cent. 
In this figure, as with those concerning QRS 
amplitudes, only the first, fourth and seventh 
age groups are illustrated for purposes of clarity. 
In each lead, the oldest, middle and youngest 
age groups appear from left to right showing the 
change of distribution of T wave amplitude 
between the age groups. The fact that the 
decrease of T wave amplitude in lead 1 with age 
was less marked than in the other leads is de- 
pendent upon the coincident leftward rotation 
of the T wave vector in the frontal plane (refer 
also to discussion of QRS amplitude in lead 
1). 

Measurement of the total voltage of the forces 
of ventricular recovery was estimated using cal- 
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TABLE XXXVIII 


T Wave Amplitude in Leads 1, aVF, V2 and V¢ 
Quartiles by Age Group* 


| Age Group 
Lead Quartile 
| <20 20-24 25-29 30-34 35-39 40-44 | 45 and > All 
First 0.25 0.25 0.25 0.25 0.20 0.20 0.20 0.20 
I | Second 0.30 0.30 0.30 0.30 0.25 0.25 0.25 0.30 
Third 0.35 0.35 0.35 0.35 0.35 0.30 0.30 0.35 
First 0.25 0.20 0.20 0.15 0.15 0.15 0.15 0.15 
aVF Second 0.30 0.25 0.25 0.20 0.20 0.20 0.20 0.25 
Third 0.40 0.35 0.30 0.30 0.30 0.25 0.25 0.35 
First 0.55 0.55 0.50 0.50 0.45 0.45 0.45 0.50 
V2 Second 0.70 0.70 0.65 0.60 0.60 0.60 0.60 0.65 
Third 0.90 0.85 0.80 0.80 0.75 0.75 0.75 0.85 
| 
| First 0.30 0.30 0.30 0.25 0.25 0.25 0.25 0.25 
Vv. Second 0.40 0.40 0.35 0.35 0.30 0.30 0.30 0.35 
Third 0.50 0.50 0.45 0.40 0.40 0.40 0.40 0.50 
* All figures shown are in millivolts. 
ie “a = culations similar to those utilized in the QRS 
- Wj 7 A amplitude study, namely leads 1 + aVF, V2 + 
80 77 ty V, and 1+ aVF + V2 Table gives the 
70 , | A percentage distribution by age group for these 
60 values and Table xt provides the quartiles. 
so +H 2 Figure 10 gives a graphic representation of the 
40 ff [ information contained in Table xxx1x with the 
individual percentages converted to cumulative 
percentages. Inspection of these figures and 
- b 5 of the tables reveals that the total T amplitude 
& o ‘ decreases with age regardless of whether it is 
100 — measured in the frontal or transverse planes 
2 90 att VA or spatially. That T wave amplitude decreases 
3 a “ Pa iV with age in both the frontal (leads 1 + aVF) 
_ 1 ; ! and in the transverse (leads V2 + Ve) planes 
a dy i I indicates that an observed decrease of T wave 
amplitude in any individual lead may not be 
[LEAD ave LEAD V6 solely attributed to rotation of the T vector. 
ies : 7 The decrease in the sum of the T wave amplitude 
il] in leads 1, aVF and V2 with age further demon- 
Cc 1) strates the change noted in older age groups 
z ( than can be evaluated by spatial measurements. 
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Fic. 9. Cumulative percentage distributions of T wave 
amplitude for the sixteen- to nineteen-year group (solid 
line), thirty- to thirty-four-year group (dash-dot line), 
and forty-five years and over group (broken line). In 
each lead there is some decrease of the distribution of 
measurable voltage with successively older age groups. 
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SUMMARY 


A detailed analysis has been carried out on 
6,014 normal electrocardiograms obtained from 
asymptomatic healthy men examined for flying 
status with the U. S. Air Force. These records 
were selected by a random process, approx- 
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Fic. 10. 


Cumulative percentage distributions of T wave amplitude estimated 


for the frontal plane (leads 1 + aVF), transverse plane (leads V2 + Ve) and 


spatially (leads 1 + aVF + V2). 


Solid line, sixteen- to nineteen-year group; 


dash-dot line, thirty- to thirty-four-year group; broken line, forty-five years and 
over group. These curves illustrate that the total measurable voltage of ven- 
tricular recovery also decreases with each older age group. 


imately 1,000 for each five-year age group of 
the adult age range represented by Air Force 
personnel. The rigid physical requirements 
to which these men are subjected provide a 
survey population which has an incidence of 
cardiac disease as low as any segment of the 
American population. 

The age of the subjects ranged from sixteen 
through fifty-eight years. The height of the 
subjects ranged from 62 to 77 inches and there 
was no apparent variation with age. ‘The 
weight of the subjects varied from 100 to 
269 pounds. The older age groups showed a 
marked increase of weight for height (relative 
weight). 

The heart rate varied from 39 to 129 beats 
per minute with some slight increase of rate in 
the older age groups. 

P wave duration ranged from 0.06 through 
0.15 second, with a median of 0.11 second. 
The range of P wave amplitude was from 0.05 
through 0.35 mv. P axis in the frontal plane 
ranged from —30 through +90 degrees with 
95 per cent of records falling between +15 and 
+75 degrees. There was no apparent varia- 


tion between age groups for any of these de- 
terminations. 

The range of the’ P-R interval was 0.10 
through 0.20 second, although the latter was 
arbitrarily set as the upper limit of normal at 
the beginning of the study. The median was 
0.16 second. The incidence of P-R intervals 
greater than 0.20 second in the same subject 
population was given in a previous article in 
this series and found to be extremely low. It 
was concluded that 0.20 second may be con- 
sidered the upper limit of normal. 

The Q-T interval varied from 0.24 through 
0.47 second with a median of 0.38 second. 
There was little variation between the age 
groups. 

The Q-U interval varied from 0.40 through 
0.71 second with a median of 0.56 second. 
There appeared to be some increase in this 
value in the older age groups. 

The QRS duration ranged from 0.05 to 
0.11 second with a median and mode at 0.08 
second. The incidence of QRS durations above 
0.10 second was low. 

The duration of the R wave in lead V2 ranged 
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TABLE XXXIX 


T Wave Amplitude Measured in the Frontal and Transverse Planes and Spatially 
Percentage Distribution by Age Group 


Combinations of T Wave 
Amplitudes from yt. 
plitude 
Indicated Co- (mv.) 
ordinate Leads <20 20-24 | 25-29 | 30-34 | 35-39 | 40-44 /45and>!/ All 
0.00-0.15 0.2 ne 0.2 1.3 0.6 0.4 0.7 0.4 
0.20-0.35 7.4 10.0 13.2 15.8 19.4 18.8 25.4 14.8 
0.40-0.55 34.6 40.1 45.8 47.0 51.8 55.0 52.5 45.8 
1 + aVF (frontal 0.60-0.75 37.4 37.3 32.2 30.2 24.1 22.7 19.0 30.0 
plane) 0.80-0.95 17.6 11.2 7.9 5.3 3.9 2.7 2.0 8.0 
1.00-1.15 2.5 1.3 0.6 0.2 0.2 0.4; 0.4 0.9 
1.20 and 0.2 0.2 0.1 0.1 
over 
0.20-0.35 0.1 0.1 0.9 0.7 1.3 0.6 1.5 0.7 
0.40-0.55 2.0 2.1 3.5 5.7 7.1 5.8 10.8 4.8 
0.60-0.75 11.3 11.6 13.9 16.0 19.4 18.8 18.8 15.3 
0.80-0.95 17.3 19.8 22.5 26.9 25.0 29.2 27.1 23.4 
V2 + V¢ (trans- 1.00-1.15 25.5 25.0 25.7 22.2 24.4 23.9 24.1 24.5 
verse plane) 1.20-1.35 20.1 19.1 15.6 15.6 13.7 13.5 10.4 15.9 
1.40-1.55 12.3 11.8 11.1 7.5 6.0 5.2 4.9 8.8 
1.60-1.75 5.8 6.0 4.0 3.4 2.1 1.9 1.3 3.7 
1.80-1.95 3.7 2.8 1.8 1.3 0.7 1.0 0.7 1.9 
2.00-2.15 1.1 1.3 0.8 0.5 0.3 0.2 0.6 
| 2.20-2.35 0.6 0.2 0.3 0.1 0.2 0.2 
0.20-0.35 43 oe 0.2 0.6 0.2 0.4 0.2 
| 0.40-0.55 0.5 0.4 1.3 2.1 2.2 2.2 3.8 1.6 
| 0.60-0.75 3.4 3.3 6.8 8.0 11.1 9.3 13.2 7.4 
| 0.80-0.95 9.9 15.7 15.7 16.6 20.4 22.2 21.2 16.9 
| 1.00-1.15 17.9 17.8 23.3 27.2 24.1 25.0 26.7 22.7 
1+aVF4+V; | 1.20-1.35 22.9 24.9 20.4 20.7 21.6 23.5 19.0 22.1 
(spatially ) | 1.40+-1.55 21.6 18.8 16.1 13.9 12.8 10.8 9.9 15.4 
| 1.60-1.75 10.3 10.1 8.7 7.0 4.5 4.3 3.7 7.3 
| 1.80-1.95 8.3 4.7 5.4 2.9 2.0 1.7 1.5 4.1 
2.00-2.15 3.1 2.9 1.4 1.0 0.6 0.5 0.2 1.5 
2.20-2.35 1.7 0.9 0.5 0.2 0.1 0.1 0.4 0.6 
2.40-2.55 0.3 0.3 0.2 0.0 0.0 0.1 
| 2.60-2.75 0.0 0.1 0.1 0.1 | 0:2 0.1 


from zero through 0.06 second with a median 
at 0.03 second, and the duration of the S wave 
in lead Vz: varied from 0.01 through 0.08 
second with a median at 0.05 second. 

The QRS axis in the frontal plane ranged 
from —90 through +120 degrees with few 
subjects at both extremes. There was a shift 
to the left of the QRS axis with each older age 
group independent of QRS amplitude and body 
weight changes. QRS transitions were found 
at all six precordial leads with the majority 
(91.6 per cent) in leads V2 through Vy. There 
was little variation between age groups in the 
distribution of QRS transitions. 

The T axis in the frontal plane ranged from 
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—15 through +90 degrees with few subjects ° 
at both extremes. The mode was +45 degrees 
and there appeared to be some leftward rotation 
of the T vector in the frontal plane in the older 
age groups. The T transition in the transverse 
plane was almost invariably near lead V;. 

The mean spatial QRS-T angle ranged be- 
tween zero and +139 degrees with 96 per cent 
of the series falling below +70 degrees. Our 
data did not support a previous concept that the 
upper limit of normal for the QRS-T angle is 
50 degrees; 18 per cent of records in our series 
were of this or a greater angle. 

An S-T segment vector in the frontal plane 
as evidenced by S-T segment elevation was noted 
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TABLE XL 


T Wave Amplitude Measured in the Frontal and Transverse Planes and Spatially 
Quartiles by Age Group* 


Combinations of 


Amplitudes from Quartile 


Age Group 
(yr.) 


Indicated Co- 
ordinate Leads 


40-44 45 and > 


First 
Second 
Third 


1 + aVF (frontal 
plane) 


0.49 


| 0.39 
} 
| 
| 0.58 


First 
Second 
Third 


Ve + (trans- 
verse plane) 


First 
Second 
Third 


I aVF V2 
(spatially ) 


* All figures shown are in millivolts. 


in approximately 25 per cent of the series. 
There was a slight decrease in the incidence of 
detectable S-T segment elevation in the older 
age groups. The vector for S-T interval was, 
for the most part, between +60 and +90 
degrees, and the greatest amplitude of S-T 
segment elevation ranged between 0.05 and 
+0.25 mv. with the majority in the range of 
0.05 through 0.10 mv. 

An estimation of the presence or absence of 
S-T segment elevation in the precordial leads 
and the direction of the S-T vector when pres- 
ent was made. Only 8.8 per cent of the entire 
series had no S-T segment elevation in any 
precordial lead. The greatest amplitude in 
any precordial lead ranged between 0.1 and 
0.5 mv. with a general reduction in the incidence 
of the higher amplitudes in the older age groups. 

The presence or absence, duration and amp- 
litude of Q waves in leads 1, u, 11, aVL and 
aVF were determined. There were very few 
records with Q waves of 0.04 second duration 
and all of these were found in lead 11. Q waves 
of lesser duration were common. Q waves 
in leads 1 and aVL were not as frequent as 
those in leads 1, 11 and aVF, but were found in 
association with vertical and horizontal QRS 
axes about equally; Q waves in leads n, m1 
and aVF were very rarely associated with 
horizontal QRS axes. 

The P-R interval minus P wave duration 
value was calculated for all records; approx- 
imately 10 per cent of subjects had an iso- 


electric P-R segment of 0.03 second or less. 

QRS amplitude was determined by vector 
methods, not as analysis of individual leads 
and individual R or S waves. The correlation 
coefficients for QRS amplitude, age, QRS axis 
and body weight were computed. It was found 
that measurable QRS amplitude whether con- 
sidered in the frontal or transverse planes or 
spatially tends to decrease from the younger to 
the older age groups regardless of the effect of 
QRS axis or body weight changes. Body weight 
and QRS amplitude were not related. It is 
proposed that serial electrocardiograms may 
become a means of assessing the aging process 
of the heart. 

T wave amplitude was analyzed similarly 
to QRS amplitude and was found to decrease 
in the older age groups. 

The incidence of a terminal QRS vector 
creating an S,S2 and an S,S.S; pattern was 
determined; 15 per cent of all records showed 
the former and 24 per cent showed the latter. 
These patterns represent minor normal varia- 
tions of intraventricular conduction. 

The ratio of the amplitude of the R to the 
S wave in leads V; and V2 was determined and 
found greater than 1 in 0.7 per cent, and 8.5 
per cent of records, respectively. 
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after a myocardial infarction 
and throughout the course 
of postcoronary convalescence... 


Peritrate helps establish and 
sustain collateral circulation 


r: improves coronary blood flow with no significant drop in 
blood pressure or increase in pulse rate 


2. helps support natural healing and repair 


5 helps reduce myocardial damage 


4, smooth onset of action minimizes nitrate headache 


basic therapy in coronary artery disease 


Peritrate’ 20 mg. 


brand of pentaerythritol! tetranitrate 
the selective, long-acting coronary vasodilator, 
compensatory 


collateral 
circulation 


WARNER 


CHuILCOTT develops around 


damaged 


myocardium 


MORRIS PLAINS, N.J. 
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FOR ANGINA 


Nitroglycerin is the drug of 
choice for the ACUTE ATTACK 


RDILATE’ 


may well be chosen for 
PROLONGED PROPHYLAXIS 


“...the magnitude of the response to 15 mg. [‘Cardilate’] was 


CLINICAL comparable to that following nitroglycerin....The comparatively 


OPINION prolonged duration of action of erythrol tetranitrate when given 


sublingually makes it especially valuable for clinical use.” 


“Nitroglycerin and erythrol tetranitrate when administered sub- 


CLINICAL 
OPINION 


lingually are among the most potent of all prophylactic agents 


992 


available for the treatment of patients with angina pectoris. 


CLINICAL “Erythrol tetranitrate exhibits an inherent long-acting vasodilat- 
OPINION ing effect. Therefore it is the drug of choice in angina pectoris.™ 


‘CARDILATE’ 1. Riseman, J.E.F., et al.: Cir 
brand culation 17:22 (Jan.) 1958. 


Erythrol Tetranitrate Sublingual Tablets 


5 mg., scored : A 2. Russek, H.I.: Circulation 
NEW 18:774 (Oct.) 1958. 
15 mg., scored © | 9 


Bottles of 100 tablets. 3. Hirshleifer, I., et al.: Scien- 
tific Exhibit, A.M.A., Atlantic 


Complete literature available on request. City, N. J., June, 1959. 


& BURROUGHS WELLCOME & CO. (U.S.A.) INC., Tuckahoe, New York 
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from the New England Journal of Medicine: 


“The most striking result of 


this |Singoserp| study has 


been the relief of the 


undesirable side eftects 


produced by other 


rauwolfa preparations.” 


*Bartels, C. C.: New England J 
261:785 (Oct. 15) 1959 


Med 


results you can confirm in your practice: 


Complete information 
available on request. 


2/2779MB 


“In 24 cases syrosingopine was substituted for the 
rauwolfia product because of 26 troublesome side effects; 
these symptoms were relieved in all but 3 patients.”* 


Incidence Incidence 
Side Effects with Prior with 
Rauwolfia Agent Singoserp 
Depression 11 1 
Lethargy or fatigue 5 0 
Nasal congestion 7 0 
Gastrointestinal disturbances 2 2 
0 


Conjunctivitis 


(Adapted from Bartels* ) 


many hypertensive patients prefer 


=) e p 
g (syrosingopine CIBA) 

because it lowers their blood pressure 

without rauwolfia side effects GE 

Tablets, 1 mg. (white, scored); bottles of 100. SUMMIT, NEW JERSE 
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IN ANGINA PECTORIS AND 
CORONARY INSUFFICIENCY 


... the treatment must go further 
than vasodilation alone. It should also 
control the patient’s ever-present 
anxiety about his condition, since 
anxiety itself may bring on 

further attacks. 


AFTER MYOCARDIAL INFARCTION 


...it is frequently not enough to 
boost blood flow through arterial 
offshoots and establish new circulation. 
The disabling fear and anxiety that 
invariably accompany the condition 
must be reduced, or the patient 

may become a chronic invalid. 


Protects your coronary patient 


better than vasodilation alone 


Unless the coronary patient's ever-present anxiety 


about his condition can be controlled, it can easily induce 


an anginal attack or, in cases of myocardial 
infarction, considerably delay recovery. 


This is why Miltrate gives better protection for the heart 
than vasodilation alone in coronary insufficiency, angina 
pectoris and postmyocardial infarction. Miltrate contains 
not only PETN (pentaerythritol tetranitrate), acknowledged as 
basic therapy for long-acting vasodilation. What is 

more important — Miltrate provides Miltown, a tranquilizer 
of proven effectiveness in relieving anxieties, fear and 
day-to-day tension in over 600 clinical studies. 


Thus, your patient’s cardiac reserve is protected against his fear 
and concern about his condition...and his operative arteries 
are dilated to enhance myocardial blood supply. 


Miltrate 


Miltown® (meprobamate) + PETN 


CmML-1388 
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Supplied: Bottles of 50 tablets. 
Each tablet contains 200 mg. 
Miltown and 10 mg. penta- 
erythritol tetranitrate. 
Dosage: | or 2 tablets q.i.d. 
before meals and at bedtime, 
according to individual require- 
ments. 
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for cardiac arrhythmias... obvious advantages 


PRONESTYL 


SQUIBB PROCAINE AMIDE HYDROCHLORIDE 


Pronestyl! offers obvious advantages over quinidine and procaine in the management of cardiac 
arrhythmias: “Procaine amide [Pronestyl] should be the drug of choice in arrhythmias of ventricular 
origin.” "—on oral administration, side effects are less marked than with quinidine—administered 

I. V., Pronestyl is safer than a corresponding |.V. dose of quinidine—administered |. M., Pronestyl acts 
faster than |. M. quinidine?2—Pronestyl sometimes stops arrhythmias which have not responded to 
quinidine*:4+—Pronestyl may be used in patients sensitive to quinidine—more prolonged action, less 
toxicity, less hypotensive effect than procaine—no CNS stimulation such as procaine may produce. 


Supply: For convenient oral administration: Capsules, 0.25 gm., in bottles of 100. 
For |. M. and |. V. administration: Parenteral Solution, 100 mg. per cc., in vials of 10 cc. 


References: 1. Zapata-Diaz, J., et al.: Am. Heart J. 43:854, 1952. 2. Modell, W.: in Drugs of Choice, C.V. Mosby Co., St. Louis, 1958, p. 454. 
3. Kayden, H. J., et al.: Mod. Concepts Cardiovasc. Dis. 20:100, 1951. 4. Miller, H., et al.: J.A.M.A. 146:1004, 1951. 


Squibb Quality—the Priceless Ingredient 


‘pronestye’ ® iS A SQUIBB TRADEMARK 
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Tromexan is distinguished by rapid onset 
of hypoprothrombinemic effect and by an 
equally rapid decline. It is particularly 
indicated when either prompt anticoag- 
ulant effect is imperative or termination of 
therapy is required, as for surgical 
intervention. 


Sintrom has a rate of action intermediate 
between that of Tromexan and Dicumarol.® 
It is noted for the ease with which a 
stable prothrombin response can 

be maintained-on uniform daily dosage. 
Consequently it is exceptionally well 
adapted to long-term therapy. 


‘Tromexan®, brand of ethyl biscoumacetate: Scored tablets 
of 150 mg. and 300 mg. Sintrom®, brand of acenocoumarol: 
Double-scored tablets of 4 mg. 


Geigy, Ardsley, New York 


164-60 
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in angina pectoris... 
24-hour protection against 


both pain and fear with just one 


COROVAS 


Clinically proved'’?’* to establish peak nitrate blood levels soon after an initial dose 
and to maintain these levels throughout a 12-hour period... 


thus avoiding bothersome t.i.d. or q.i.d. routines, yet permitting the patient to enjoy 
up to 12 hours’ uninterrupted relief from pain and fear with a single COROVAS Tymcap: 
“,..it would appear that 60 mg. of PETN in TD capsule form [timed-disintegration 
COROVAS Tymcaps] is as effective as 80 mg. PETN in tablet form, in controlling the 


anginal attacks.” O R O VA S Tymcaps 


prolonged, sustained-action of vasodilating pentaerythritol tetra- 
nitrate (PETN) 30 mg., and sedative secobarbituric acid 50 mg. 


> contro/s or prevents anginal pain 
» alleviates associated fear, apprehension and panic 
» reduces frequency and severity of attacks 
» reduces the need for nitroglycerin 
Supplied—Boxes of 60 and 120 


|. Feinblatt, T. M., and Ferguson, E. A.: New Eng. J. Med. 256:331 (Feb.) 1957. 
2. Kupersmith, |. H.: International Record of Medicine, Vol. 171 No. 10 (Oct.) 1958. 
3. Berry, J. W., and Roach, T. C.: Circulation, Vol. 17, No. 6 (June) 1958. 


Amfre-Grant Inc. Brooklyn 26, New York 
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in acute coronary occlusion 


control in short- or long-term oral 
anticoagulant therapy Miradon 


anisindione 


“excellent control...in 54 out of 59 cases 
including 48 patients with coronary thrombosis |.” 


‘ “Tt leads to an Initial rapid fall 11) prothrombn 
rapid induction 


ity.... 7 Lherapeutic levels attained in 48 to 72 hours 


d “Normal prothrombin levels were recorded between 36 
and /Z flours alter cessation of treatment... 


Vitamin k counteracted the eflect of Miirado 
: predictable fashion in 5 to 8 hours 


: ‘The anticoagulant eflect can be restored rapidly by 
prompt restoration 
remedication 


With Mirapon a very even response was evident 
during therapy Once the prothrombin levels had 
stable maintenance been reduced to the therapeuts bracket, they wert 
maintained there with little difficulty on daily doses of 

the drug 

IM K 
Am. H K G.I 
WI ( ( MLA] 


= 
1 46 
nina 
H. H, P M.: K 1 QO S G O 
4 


IN HIS 
CARDIAC 
WOUND 


Modern saluretics may seem to have made un- 
limited salt intake possible for cardiac and 
hypertensive patients. Yet despite the improve- 
ments in diuretic therapy, sodium restriction 
is still important in the prophylaxis of edema. 
The wise physician does not add needlessly to 
the burden of his patient, nor test unneces- 
sarily the power of the drugs he prescribes. It 
makes good sense to him to prescribe DIASAL 
—which looks, tastes and flavors food exactly 
like salt . . . but is sodium free. 


Diasal contains potassium chloride, glutamic acid and 
inert ingredients. Supplied in shakers and 8 oz. bottles. 


® 


sodium-free salt substitute 


E. Fougera & Co., Inc. * Hicksville, New York 
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Cardiovascular patients 
respond in a few days. 
Thanks to your prompt 
treatment and the smooth 
action of Deprol, his de- 
pression is relieved and his 
anxiety calmed — often in 
two or three days. He eats 
well, sleeps well and his de- 
pression no longer compli- 
cates your basic regimen. 


Lifts depression...as it calms anxiety! 


For cardiovascular patients—a smooth, balanced action that 
lifts depression as it calms anxiety...rapidly and safely 


Balances the mood—no “seesaw” effect of 
amphetamine-barbiturates and ener- 
gizers. While amphetamines and energizers 
may stimulate the patient — they often 
aggravate anxiety and tension. And 
although amphetamine-barbiturate combi- 
nations may counteract excessive stimula- 
tion — they often deepen depression. 


In contrast to such “seesaw” effects, Deprol 
lifts depression as it calms anxiety — both 
at the same time. 


Desage: Usual starting dose is 1 tablet q.i.d. 


this may be gradually increased up to 3 tablets q 


Acts swiftly—the patient often feels better, 
sleeps better, within two or three days. 
Unlike most other antidepressant drugs, 
Deprol relieves the patient quickly — often 
within two or three days. 


Acts safely — no danger of hypotension. 
Deprol does not cause hypotension, tachy- 
cardia, jitteriness, or liver toxicity. It can 
be safely administered with basic cardio- 
vascular therapy. 


“Deprol* 


Composition: 1 mg. 2-diethylaminoethy] ‘hydrochloride 


(benactyzine HCl) and 400 mg. meprobamate. 


Supplied: Bottles of 50 light-pink, scored tablets. Write for 


literature and samples. 


‘WALLACE LABORATORIES 
WJ New Brunswick, N. J. 
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here are some of the ways hypertensive patients 


benefit when you prescribe DIVPRES 


anxiety 

and tension 
are 

allayed 
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effective by itself in ¢ 
hypertension, ang 


DIUPRES-250 DIUPRES-500 


250 mg. DIURIL (chlorothiazide), 500 mg. DIURIL (chlorothiazide), 
0.125 mg. reserpine per tablet. 0.125 mg. reserpine per tablet. 
One tablet one to four times a day. One tablet one to three times a day. 


For additional information, write Professional Services, Merck Sharp & Dohme, West Point, Pa. 


@=5 MERCK SHARP & DOHME, DIVISION OF MERCK & CO., INC., WEST POINT, PA. 


DIUPRES and DIURIL are trademarks of Merck & Co., Inc. 


45 


... Should ot 
be give 
| 


RECOVERY RATE: OVER 90% 


_in over 1,000 published cases 
of thromboembolic disease 


without 
MAKER LaBoRATORIES. 


VERNON 


HEDULIN is the trademark for the Walker brand of phenindione. 50 mg. scored tablets for therapeutic 
use; 20 mg. scored tablets for prophylactic use. Bottles of 100 and 1,000. For more detailed informa- 


tion and a clinical trial supply of Hedulin, write to Walker Laboratories, Inc., Mount Vernon, N. Y. 
1, Breneman, G. M., and Priest, E. McC.: Am. Heart J, 50:129 (July) 1955. 2. Tandowsky, R. M.: Am. J. Cardiol, 3:551 (April) 1959. 


46 


4 
im 
— MAL aclioy, 
He| MAND OF PHENINDION | aud Sffecliue | 


in cardiac patients - Compazine 


brand of prochlorperazine 


reduces the impact of emotional stress— 


relieves fear and apprehension. 

On ‘Compazine’, many “heart worriers 
are protected against the emotional 

stress that may exacerbate cardiac pains 

or palpitations. And, with emotional - 
tension dispelled, hypertensive patients 
often show a lowering of blood pressure. 
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safe and practical treatment 
of the postcoronary patient 


A basic characteristic of the postcoronary patient, 
whether or not cholesterol levels are elevated, is his 
inability to clear fat from his blood stream as rapidly 
as the normal subject.!-3 Figure #1 graphically illus- 
trates this difference in fat-clearing time by compar- 
ing atherosclerotic and normal subjects after a fat 
meal.3 


“Slow clearers” gradually accumulate an excess of 
fat in the blood stream over a period of years as 
each meal adds an additional burden to an already 
fat-laden serum. As shown in figure #2, the blood 
literally becomes saturated with large fat particles, 
presenting a dual hazard to the atherosclerotic 
patient: the long-term danger of deposition of these 
fats on the vessel walls,* and the more immediate 
risk of high blood fat levels after a particularly 
heavy meal possibly precipitating acute coronary 
embarrassment.5 


In figure #3, the test tube at the left contains lipemic 
serum, while the one at the right contains clear, or 
normal serum. If serum examined after a 12-hour 
fasting period presents a milky appearance, this is 
a strong indication that the patient clears fat slowly 
and is a candidate for antilipemic therapy in an 
effort to check a potentially serious situation. 


‘Clarin’, which is heparin in the form of a sublingual 
tablet, has been demonstrated to clear lipemic 
serum.?;&7 Furthermore, a two-year study using 
matched controls resulted in a statistically significant 
reduction of recurrent myocardial infarction in 130 
patients treated with ‘Clarin’.® 


‘Clarin’ therapy is simple and safe, requiring no clot- 
ting-time or prothrombin determinations. Complete 
literature is to upon request. 


References: 1. Anfinsen, ium on Atherosclerosis, 
National Academy esearch Council Publication 
338, 1955, p. 218. Berkowitz, D.; Likoff, W., and Spitzer, J. J 
Clin. Res. 7:225 1959. 3. Stutman, and George, M.: 
Clin. Res. 7:225 (Apr.) 1959. 4. Wilkinson, C. F., Jr.: Annals of Int. 
Med. 45:674 (Oct.) 1956. 5. Kuo, P. T., and pomner, SS Be 
J.A.M.A. 163: (March 2) 1957. 6, Fuller, : Angiology 9: 
(Oct.) 1958. 7. Shaftel, H. E., and Selman, aes “ae 4 10:131 
(June) 1959. Hi Fuller, H. L.: Circulation 20:699 (Oct.) 19 


Clarin 


(sublingual heparin potassium, Leeming) 


Fig. 1 


Fat-clearing time in hours 


Atherosclerotic Subject 


Fig. 3 


Indication: For the management of 
hyperlipemia associated with atheroscle- 
rosis, especially in the postcoronary 
patient. 


Dosage: After each meal, hold one tablet 
under the tongue until dissolved. 


Supplied: ‘Clarin’ is. supplied in bottles 
of 50 pink, sublingual tablets, each con- 
taining 1500 I.U. of heparin potassium. 
*Registered trade mark. Patent applied for. 


Ther Looming Ce, Ine 


New York 17, N. Y. 


\ 26 
4 18 
4 
} 
| 
| 
| 


RAUWILOID 
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In Hypertension In Anxiety States Compatible with other anti- 
Simplicity of control basedon Rauwiloid is outstand- hypertensive medications. Po- 
negligible incidence of serious ing foritscalming,non-  tentiates therapeutic action of 
side actions, simplicity ofdos- soporific sedation in more potent agents and permits 
age, and applicability to a anxiety states...withor their use in reduced and better 
wide range of patients. without hypertension. tolerated dosage. 


When more potent hypotensive action is needed, pre- 
scribe one of these convenient single-tablet combinations 


Rauwiloid® + Veriloid® or Rauwiloid® + Hexamethonium 
alseroxylon 1 mg. and alkavervir 3 mg. alseroxylon 1 mg. and hexamethonium 
chloride dihydrate 250 mg. 


Patients with severe hypertension often can be main- ‘ : 
tained on Rauwiloid alone after desired blood pressure ey] Northridge, California 
levels are reached with combination medication. 
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